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December  19,  1888. 
Sir:  Ibave  the  honor  to  submit  herewith  the  iiiauuscripfc  of  Bulletiu 
No.  20,  beiag  the  report  of  experiments  in  the  manufacture  of  sugar  froiu 
sorghum  conducted  by  your  direction  daring  the  season  of  1888. 
Eespectfully, 

H.  W.  Wiley, 

Chemist. 
Hon.  Norman  J.  Oolman, 

Commissioner  of  Agriculture, 


EXPERIMENTS  IN  THE  MANUFACTURE  OF  SUGAR 
FROM  SORGHUM. 


ASSIGNMENT   OF   WOEK. 

The  bill  makiug  an  api)ropriatiou  for  exi)erimeiits  in  the  manufacture 
of  sugar  did  not  become  a  law  until  the  19th  of  July,  1888.  At  that  time 
it  was  manifestly  impossible  for  the  Department  to  make  any  arrange- 
ments of  its  own  for  the  conduct  of  exi)eriments  during  the  present 
manufacturing  season.  It  was  necessary,  if  any  experiments  were  to 
be  made  at  all,  that  they  should  be  arranged  for  in  connection  with  work 
already  in  progress  either  by  individuals,  private  corporations,  or  State 
experiment  stations.  The  following  arrangements  were  therefore  made 
for  the  experimental  work: 

(1)  A  coutinnation  of  the  experimental  work  at  Eio  Grande,  N.  J.,  under  the  direc- 
tion of  Mr.  H.  A.  Hughes. 

(2)  A  series  of  experiments  at  Kenner,  La.,  under  the  direction  of  Prof.  W.  C. 
Stubbs. 

(3)  Experimental  ^vork  at  Donglass,  Kans.,  nuder  the  direction  of  the  Douglass 
Sugar  Company, 

(4)  Experimental  work  at  Conway  Springs,  Kans.,  under  the  direction  of  Mr.  E. 
W.  Dcming. 

(5)  Experiments  in  the  improvement  in  the  varieties  of  cane  at  Sterling,  Kans., 
under  the  direction  of  Mr.  A.  A.  Denton. 

In  addition  to  the  above  work  arrangements  were  made  for  analytical 
researches  under  my  direction  at  Douglass,  Conway  Springs  and  Ster- 
ling, Kans.  It  was  deemed  unadvisable  at  the  late  date  mentioned  for 
the  Department  to  suggest  any  exi)erimental  work  or  assume  any  con- 
trol thereof.  Having  been  authorized  to  arrange  for  such  work  in  a 
manner  which  seemed  most  advantageous  the  following  directions  were 
given.  The  work  at  Rio  Grande  was  placed  exclusively  in  charge  of 
Mr.  H.  A.  Hughes,  to  be  conducted  in  such  a  manner  as  he  saw  fit  for 
the  benefit  of  the  industry.  The  work  which  Mr.  Hughes  proposed  to 
do  was  on  a  small  scale,  with  the  ultimate  idea  of  making  it  possible  for 
farmers  and  others  to  manufacture  sugar  without  the  expense  of  appa- 
ratus usually  considered  necessary  for  that  purpose.  Tlie  resrdts  of 
Mr.  Hughes's  work  have  been  reported  by  him  further  on  in  this  bulletin, 
and  a  discussion  of  them  will  be  given  in  connection  with  his  report. 


Prof.  W.  0.  Stubbs  haviug  commenced  preparations  for  expcriaieiital 
work  with  sorgbiun  at  the  experiment  station  at  Kenner,  be  was  aii- 
tborized  to  complete  tbis  work  under  tlie  auspices  of  the  Department. 
IS'o  instructions  iu  regard  to  the  method  of  performing  the  work  w^ere 
sent  Professor  Stubbs,  except  to  do  that  which  seemed  best  for  the 
promotion  of  the  industry.  His  report  of  the  results  of  the  work  and 
the  discussion  thereof  will  follow. 

The  experimental  work  at  Douglass,  Kans.,  was  placed  under  the  con- 
trol of  the  Douglass  Sugar  Company.  The  object  was  to  test  tlior- 
oughly  the  method  of  open  diffusion  i)racticed  on  a  small  scale  by  Mr. 
Hughes,  at  Rio  Grande,  and  they  conducted  the  work  under  the  general 
instructions  to  give  that  system  of  diffusion  and  the  apparatus  a  thor 
ough  and  impartial  test.  The  general  results  of  the  experimental  work 
at  the  station  are  given  in  the  report  of  Mr.  Edsou,  with  a  discussion 
of  the  data  there  recorded. 

The  experimental  work  at  Conway  Springs  consisted  in  the  trial  of  a 
new  system  of  preparing  the  exhansed  chips  for  fuel;  and  certain  new 
arrangements  of  apparatus  connected  with  the  diffusion  battery  and  of 
anew  system  of  handling  and  storing  the  cane.  JSTo  specific  instruc- 
tions were  given  to  Mr.  Deming  in  regard  to  the  conduct  of  the  work, 
but  he  was  left  free  to  use  his  own  judgment  in  every  i^articular  in 
regard  to  what  was  best  to  be  done.  Mr.  Deming's  report  and  the  dis- 
cussion thereof  will  follow. 

The  experimental  work  at  Sterling  was  of  an  entirely  different  order. 
The  Sterbng  Sugar  Company  had  commenced  a  thorough  examination 
of  all  obtainable  varieties  of  the  sorghum  plant.  By  an  arrangement 
made  with  this  company,  the  Department  assumed  this  work  in  the 
condition  in  which  it  was  found  the  latter  part  of  July  and  carried  it 
to  completion  under  the  supervision  of  Messrs.  Denton  and  Cram[)ton, 
whose  report  and  observations  thereon  will  follow. 

The  following  assignment  of  the  chemical  force  of  the  division  was 
made  for  the  purpose  of  securing  analytical  data  of  the  season's  work. 

Mr.  Hughes  having  expressed  an  opinion  tbat  he  could  get  along  in- 
dependently of  any  chemical  assistance  from  the  Department,  no  assign- 
ment was  made  to  Rio  Grande.  Mr.  Edson  was  placed  in  charge  of 
the  chemical  work  at  Douglass,  assisted  by  Mr.  John  L.  Fuelling. 
Prof.  E.  A.  von  Schweinitz  Avas  placed  in  charge  of  the  chemical  work 
at  Conway  Springs,  assisted  by  Mr.  Oma  Carr.  Dr.  C.  A.  Crampton 
was  placed  in  cliarge  of  the  work  at  Sterling,  assisted  by  Mr.  Karl  P. 
McElroy. 

In  the  latter  part  of  July  I  visited  the  three  localities  last  named,  and 
arranged  with  the  proper  persons  for  the  establishment  of  the  labora- 
tories and  perfected  the  arrangements  for  the  chemical  control  which 
was  desired.  In  Sei)tember  and  October  I  visited  each  of  the  hibora- 
tories  above  mentioned,  and  spent  some-days  with  the  chemists  in  charge 
in  consultation  concerning  the  progress  of  the  work  and  any  changes  or 


alterations  tberein  which  seemed  necessary.  The  results  of  the  chemi- 
cal work  in  each  case  will  be  foaud  in  connection  with  the  reports  of 
the  resi)ective  stations. 


Tbe  result  of  the  work  at  Eio  Grande  is  disappointing'  in  its  nature. 
For  some  reason  the  cane  growu  in  that  lor'.ality  has  failed  to  improve, 
although  it  api)ears  that  it  has  had  the  benelit  of  careful  attention  and 
fertilization.  There  has  been  upon  the  whole,  as  indicated  in  Bulletin 
18,  a  deterioration  of  the  cane  at  Ilio  Grande,  the  crops  which  were 
raised  six  or  seven  years  ago  showing  a  higher  i)ercentage  of  microse 
than  those  of  the  present  time.  This  deterioration  has  been  caused 
either  by  admixture  of  a  non-saccharine  variety"  with  the  seed,  by  the 
method  of  culture,  or  by  the  influence  of  the  soil  and  climate  of  that 
locality.  I  am  inclined  to  attribute  much  of  the  depreciation  to  a  fault 
of  the  seed;  whether  or  not  it  has  been  mixed  with  broom-corn  I  am 
unable  to  say.  The  almost  total  failure  of  the  amber  cane  at  Rio  Grande 
would  seem  to  indicate  that  some  such  accident  had  happened  to  it. 
While  amber  cane  iu  other  localities  has  continued  to  show  a  high  per- 
centage of  sucrose  in  the  juice,  at  Eio  Grande  it  has  become  a  worthless 
variety  for  sugar-making  or  even  the  production  of  sirup.  The  impor- 
tance of  seed  selection  is  empliasized  by  this  fact,  since  there  is  every 
reason  to  believe  that  if  seed  of  the  early  amber,  such  as  was  planted 
at  Kio  Grande  seven  or  eight  years  ago,  were  again  planted  in  that 
locality  it  would  produce  an  equally  rich  crop  of  cane.  It  would  be  a 
useless  task,  however,  for  any  one  to  attempt  the  successful  manufacture 
of  sugar  by  any  process  from  juices  no  richer  than  those  reported  by 
Mr.  Hughes  during  the  present  year;  such  canes  at  best  could  only 
make  molasses,  and  that  probably  of  an  inferior  character.  These 
agricultural  results  are  the  more  discourngiug  because  of  the  system- 
atic attempts  which  have  been  made  at  Eio  Grande  iu  conjunction  with 
the  New  Jersey  experiment  station  for  the  production  of  a  high-grade 
cane;  these  are  not,  however,  sufficiently  discouraging  to  justify  aban- 
donment of  similar  attempts  in  other  localities.  In  resi)ect  of  the  cli- 
mate at  Eio  Grande,  I  can  see  nothing  which  would  lead  me  to  believe 
that  it  is  unfavorable  to  the  growth  of  sorghum.  On  the  other  hand, 
the  climatic  conditions  appear  extremely  favorable,  urdess  it  be  true 
that  sorghum  will  not  develop  a  maximum  content  of  sugar  in  localities 
favored  with  abundant  summer  rains.  Aside  from  this,  the  favorable 
conditions  for  growth  and  the  practical  immunity  from  early  frosts  ren- 
der the  locality  a  most  favorable  one  for  the  i^roduction  and  manufact- 
ure of  a  crop  of  sorghum  cane.  The  soil  of  this  locality,  it  is  true,  is  not 
naturally  as  fertile  as  the  soils  of  Kansas,  but  with  the  judicious  fertili- 
zation which  has  been  practiced,  the  tonnage  per  acre  has  been  full^^  as 
great,  if  not  greater,  at  Eio  Grande  than  in  most  other  localities. 
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In  regard  to  the  methods  of  mauiifaetiire  employed  at  this  station,  it 
is  necessary  to  speak  with  some  <legree  of  caution.  In  the  report  of 
Mr.  Uughes  we  have,  from  his  stand-point,  a  brief  but  graphic  desciip- 
tion  of  the  method  emp;oyed.  I  have  never  been  of  the  oi)iuion  that 
sugar  making  from  sorghum  coukl  be  successfully  practiced  on  a  small 
scale,  and  the  experiments  carried  on  by  the  Department  of  Agriculture 
for  two  successive  seasons  at  Eio  Grande  have  only  served  to  confirm 
me  in  this  belief.  The  nature  of  the  processes  employed,  rhe  character 
of  machinery  required,  and  the  kind  of  skilled  labor  needed,  all  com- 
bine to  render  the  manufacture  of  sugar  on  a  small  scale  commercially 
unsuccessful.  I  do  not  see  any  favorable  result  in  this  direction  from 
the  two  years'  trial  at  Eio  Grande.  For  the  present  manufacturing 
season  Mr.  Hughes  does  not  give  the  total  amount  of  sugar  made,  ex- 
cept from  a  portion  of  the  crop,  and  this  is,  no  evidence  whatever  that 
its  cost  has  been  sufficiently  low  to  enable  it  to  be  put  upon  the  market 
in  competition  with  other  sugars.  I  should  have  been  glad  had  the  re 
suit  been  otherwise,  for  the  successful  inauguration  of  an  era  of  sugar- 
making  conducted  by  farmers  would  have  been  a  great  blessing  to  vast 
agricultural  regions. 

In  regard  to  the  machinery  employed  my  opinion  has  already  been 
expressed.  I  have  said  repeatedly,  both  in  official  publications  and  in 
other  places,  that  I  regarded  the  system  of  cutting  and  preparing  the 
cane  devised  by  Mr.  Hughes,  and  now  in  use  in  every  sorghum  factory 
in  the  United  States  and  in  at  least  one  cane-sugar  factory,  as  the  very 
best  which  has  yet  been  invented.  I  have  long  been  conviuced  that 
for  the  extraction  of  sugar  from  cane  of  both  kinds  the  greater  the  de- 
gree of  comminution  of  the  chips  the  more  successful  the  prtcess  will 
be.  The  system  of  double  shredding  inaugurated  by  Mr.  Hughes  during 
the  past  season  tends  to  secure  this  end.  It  was  in  this  direction  also 
that  I  urged  last  year  for  sugar-cane  the  construction  of  a  shreddiiig- 
machine  on  the  principle  of  the  shredder  built  by  the  Xewell  Universal 
Mill  Company  of  Xew  York,  for  the  purpose  of  preparing  the  pieces  of 
cane  properly  for  the  diffusion  battery.  This  shredder  I  suggested 
should  be  furnished  with  very  line  steel  knives,  of  the  general  pattern 
of  the  shredder  now  in  use,  with  short  cylinders  of  large  diameter, 
driven  at  a  very  much  higher  rate  of  speed.  Last  year  I  suggested  to 
Mr.  Fiske,  the  inventor  of  the  machine  above  mentioned,  the  advis- 
ability of  building  such  a  machine  in  duplicate  for  the  purpose  of  re- 
ducing the  cane  to  as  fine  pieces  as  possible.  The  advantage  of  such  a 
shredder  as  this  over  the  one  used  by  Mr.  Hughes  would  be  principally 
in  its  greater  strength,  and  in  the  assurance  that  it  could  be  run  for 
days,  and  perhaps  a  whole  season  through,  without  any  necessity  for 
repairs.  It  is  of  the  highest  importance  that  the  apparatus  for  cutting 
and  pulping  the  cane  should  be  as  effective  as  possible  and  built  in  two 
sets,  so  that  if  one  should  be  out  of  order  the  second  could  still  be 
used. 


In  regard  to  the  system  of  diffusion  practiced  at  the  Kio  Grande  sta- 
tion, and  described  in  Bulletin  18,  further  experience  only  leads  me  to 
emi^hasize  what  was  said  in  that  bulletin,  viz  ; 

Tlio  defects  of  tlie  system  were  both  mechanical  and  chemical. 

The  meclianical  difficulty  is  the  same  as  that  which  attends  all  luethods  of  diffusion 
in  which  the  caue  chips  are  moved  instead  of  the  diffuvsion  liquors.  From  a  mechan- 
ical point  of  view  it  is  far  easier  and  more  economical  to  move  a  liquid  iu  a  scries  of 
vessels  than  a  mass  of  chips.  In  the  Hughes  system  the  whole  mass  of  chips  under 
going  diffusion,  together  with  adhering  liquor,  and  baskets  and  suspending  apparatus- 
are  lifted  vertically  a  distance  of  several  feet,  varying  with  the  depth  of  the  diffusion, 
tanks,  every  few  minutes.  The  mechanical  energy  required  to  do  this  work  is  enor- 
mous, and  wdth  large  batteries  the  process  would  prove  almost  impossible. 

The  truth  of  this  view  will  be  further  illustrated  in  the  report  of  the 
Douglass  Sugar  Company.  For  ver^^  small  batteries  working  onl^^  a 
few  tons  a  day  this  system  might  possibly  be  erajdoyed,  but  I  doubt 
even  then  if  it  could  be  economically  worked.  This  opinion  of  mine, 
as  will  be  seen,  is  at  total  variance  with  that  expressed  by  Mr.  Hughes, 
and  those  who  propose  to  become  practically  interested  m  the  matter 
will  have  to  decide  upon  the  merits  of  the  two  systems  of  diffusion  after 
a  personal  investigation. 

Mr.  Hubert  Edson,  who  has  had  two  years'  experience  with  the  open 
system  of  diffusion,  made  the  following  statements  relating  thereto  in 
theLousiana  Planter  and  Sugar  Manufacturer  of  December  1, 1888.  His 
report  refers  to  the  battery  used  at  Douglass,  Kans.,  during  the  season 
of  1888 : 

The  battery  was  built  from  plans  secured  directly  from  Mr.  Hughes,  and  with  one 
or  two  slight  changes  was  worked  throughout  the  season.  The  main  battery  con- 
sisted of  ten  cells,  open  at  the  top  to  admit  the  baskets  in  which  the  chips  were 
placed  for  diffusion.  These  baskets,  made  of  strong  boiler-iron,  were  attached  to  the 
arms  of  a  crane,  which  was  raised,  rotated,  and  lowered  till  the  requisite  number  of 
immersions  was  obtained..  Besides  these  ten  cells  there  was  an  extra  one  of  the  same 
dimensions  placed  just  outside  and  within  reach  of  the  arms  from  the  large  crane^ 
This  arrangement  was  intended  to  secure  a  dense  diffusion  juice,  allowing,  as  the 
diffusion  progressed,  the  heaviest  juice  from  two  of  the  cells  of  the  main  battery  to 
be  drawn  into  the  outside  cell,  and  which  there  received  two  baskets  of  fresh  chips 
before  being  emptied. 

This  manner  of  operating  the  battery  will,  it  is  claimed  by  the  inventor,  give  a 
juice  almost  as  dense  as  a  corresponding  mill  juice.  In  my  opinion,  however,  no 
greater  advantage  is  secured  by  the  eleventh  cell  being  outside  the  main  battery 
than  by  the  same  number  arranged  iu  regular  order.  Certainly,  at  Douglass,  the  re- 
sults claimed  by  the  inventor  were  not  even  approximated.  The  outside  cell  also 
entailed  an  extra  amount  of  labor  iu  transferring  the  basket  from  the  small  crane,  to 
which  it  was  attached  during  its  immersion,  to  the  large  crane  of  the  main  battery. 

So  much  for  the  manner  of  working  the  battery.  Now  for  the  things  that  are  of 
actual  value  to  the  sugar  planters,  the  results  obtained,  and  the  expenses  incident  to 
such  results. 

Machinery  of  any  kind  to  bo  effective  should  require  a  minimum  of  human  labor. 
Let  us  see  how  the  Hughes  battery  compares  with  the  ordinary  form.  At  Douglass 
the  battery  was  designed  to  work  100  tons  of  cane  daily,  and  to  do  this  at  least  eight 
men  were  necessary  to  shift  the  baskets  to  their  different  places.  Half  of  this  num- 
ber would  run  a  close  battery  and  find  the  work  easier,  since  they  would  have  no 
baskets  weighing  1,000  pounds  each  to  handle. 
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Besides  this  maunal  labor  the  whole  ten  baskets  had  to  be  raised  every  time  one 
was  tilled  or  emptied.  A  lar<2;e  hydraulic  pump  is  used  for  this  work  and  of  itself 
requires  more  power  than  is  necessary  to  run  a  battery  of  closed  cells.  This  extra 
power  and  labor  would  not  necessarily  condemn  the  apparatus  if  such  superior  results 
were  obtained  as  to  overcome  the  expense.  But  instead  of  this,  exactly  the  reverse 
was  accomplished.  Not  much  better  extraction  was  secured  than  is  obtained  by 
the  ordinary  cane-mill  of  Louisiana,  and  this  only  with  a  dilution  of  nearly  50  per 
cent.,  causing  an  extra  expense  of  no  small  amount  for  evaporation.  Then,  also,  the 
quality  of  the  juice  obtained  was  extremely  poor.  The  almost  constant  exposure 
to  the  air  and  especially  in  iron  vessels  blackened  it  to  such  a  degree  that  no  good 
sugars  could  be  made  from  it.  Clarification  was  nearly  impossible  with  any  of  the 
ordinary  re-agents  in  the  sugar-house.  This  was  extremely  unfortunate  in  Kansas,  as 
the  greatest  profits  are  made  on  material  sold  to  the  home  market. 

Full  reports  of  the  cliemical  ^ork  at  Rio  Grande  are  contained  in 
Bulletin  51.  Xew  Jersey  Experiment  Station. 


As  has  been  mentioned  before,  Prof.  AY.  C.  Stubbs  was  placed  in 
charge  of  the  experiments  which  were  arranged  for  in  connection  with 
the  Louisiana  sugar-experiment  station  at  Kenner  and  the  stations  at 
Baton  Rouge  and  Calhoun.  For  two  previous  seasons  ProtV ssor  Stubbs 
had  made  extensive  experiments  with  sorghum,  which  are  fully  reported 
in  the  bulletinsof  the  Louisiana  experiment  station  and  in  Bulletin  No. 
18  of  this  division.  A  study  of  the  analytical  data  of  the  three  years' 
worU  in  Louisiana  shows  in  anemphatic  way  the  peculiarities  ofsoryhum 
wiiich  have  rendered  so  difficult  the  successful  inauguration  of  sugar- 
making  from  that  plant.  The  great  variations  in  the  content  of  sucrose 
in  the  juices  of  the  plant,  its  susceptibility  to  injury  by  storms  and  other 
unforeseen  causes,  are  strikingly  set  forth  in  the  analytical  figures  which 
follow.  In  my  opinion  the  production  of  a  variety  of  sorghum-cane 
suitable  to  the  soil  and  climate  of  the  sugar  lands  of  Louisiana  will  be 
a  work  of  no  small  difficulty.  From  the  results  of  the  work  already 
done,  and  especially  during  the  last  year,  an  account  of  wliich  is  con- 
tained in  the  appended  report  of  Professor  Stubbs,  it  is  clearly  seen 
that  a  season  which  has  produced  a  sugar  cane  very  rich  in  sucro.se  in 
the  State  of  Louisiana  has  produced  a  sorghum  crop  which  is  absolutely 
worthless  for  sugar-making  for  commercial  purposes.  Another  point 
illustrated  by  the  report  is  brought  out  in  the  reference  to  the  past  work 
of  the  station,  in  which,  although  a  cane  was  produced  whose  juice  was 
reasonably'  rich  in  sucrose,  its  practical  working  in  the  sugar  factory  was 
found  most  difficult.  In  the  report  this  is  ascribed  to  tlie  presence  of 
large  quantities  of  dextrine  or  dextrine-like  bodies  supposed  to  be  de- 
rived from  the  starch  originallj^  present  in  the  juice.  It  is  the  opinion 
of  Professor  Stubbs  that  starch  and  sucrose  are  developed  in  the  sor- 
ghum ^>rtr/^;r(  ,96- «.  In  this  case  it  would  be  found  that  the  direct  polaii 
zation  of  a  sorghum  juice  rich  in  sugar  would  show  api)arently  a  much 
higher  content  of  sucrose  than  was  actually  present,  since  dextrine  and 
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its  allied  bodies  are  inucli  more  strongly  dextro  gyratory  than  sucrost-. 
The  points  develoi)ed  by  the  experiments  may  be  summarized  as  iollows  : 

(1 )  Sorghum  cane  develops  sometimes  in  Louisiana  a  juice  containing 
a  very  high  percentage  of  sucrose,  but  combined  with  other  bodies  which 
render  its  separation  from  the  juice  difficult. 

(2)  The  occurrence  of  a  wet  summer  attended  by  the  severe  wind- 
storms which  are  so  common  in  that  locality  prevent  the  development 
of  a  high  sucrose  content  in  the  growing  sorghum. 

(3)  The  possible  utilization  of  sugar  machinery  for  a  longer  manu- 
facturing season  is  one  of  the  chief  inducements  in  the  sugarcane 
regionr,  for  the  cultivation  of  sorghum  as  a  sugar-producing  plant. 

(4)  Delay  in  working  the  cane  after  cutting  is  not  as  dangerous  as 
has  been  supposed. 

It  will  be  understood  that  these  are  conclusions  which  I  have  drawn 
from  reading  Professor  Stubbs's  report,  and  are  not  formulated  in  the 
above  manner  by  himself. 

The  results  of  attempts  to  grow  sorghum  for  sugar-making  purposes 
on  the  low  sugar-lauds  of  Louisiana,  in  my  opinion,  are  not  highly  en- 
couraging to  the  belief  that  these  lauds  and  their  climate  are  the  best 
suited  in  the  United  States  for  the  production  of  sorghum,  as  Professor 
Stubbs  says.  On  the  other  hand,  I  believe  there  are  few  localities  iu 
the  United  States,  where  sorghum  grows  at  all,  in  which  a  better  crop 
for  sugar-making  purposes  can  not  be  produced.  Experience  has  shown 
that  the  dry  climate  of  southern  and  western  Kansas  produces  the  most 
uniform  crop  of  sorghum  for  sugar-making  purposes,  while  the  data  of 
Pro'^essor  Stubbs,  which  follow,  show  that  the  Louisiana  product,  for  the 
l)resent  year  at  least,  is  about  the  poorest  on  record.  One  point,  how- 
ever, should  be  borne  iu  mind,  viz,  that  the  course  of  experiment  pur- 
sued by  the  Louisiana  experiment  station  is  the  one  which  is  best  suited 
for  the  rapid  develo^^ment  of  every  possibility  of  sorghum  culture  in 
that  Stale.  The  experimental  trials  which  are  made  with  sorghum  will 
show  both  its  weak  and  strong  points,  and  iu  the  wide  variation  which 
the  plant  shows  there  will  doubtless  be  some  variety  produced  or  found 
which  will  be  best  suited  to  the  peculiar  conditions  which  obtain  iu  that 
locality.  The  soil  and  climatic  conditions  of  the  northern  part  of  the 
State,  \\here  cotton  is  now  grown,  will  probably  be  found  better  suited 
to  the  production  of  sorghum  than  those  of  the  present  sugar-producing 
localities.  1  feel  quite  sure  that  the  expectation  expressed  by  Professor 
Stubbs  of  being  able  to  realize  under  certain  conditions  as  much  as  120 
to  125  pounds  of  sugar  from  sorghum  cane  may  be  fully  met  under 
favorable  circumstances;  but  it  would  still  remain  to  be  demonstrated 
that  this  yield  could  be  reasonably  expected  iVom  year  to  year,  or  even 
occasionally,  on  a  large  scale.  The  subsequent  experiments  wiiich  are 
promised  by  Professor  Stubbs  at  the  Louisiana  station  will  doubtless 
set  at  rest,  in  a  few  years,  all  these  questions,  and  demonstrate  to  the 
sugar  makers  of  Louisiana  just  what  can  be  expected  from  sorghum  as 
an  adjunct  to  their  great  industry. 
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EXPERIMENTS   AT   CONWAY   SPRINGS. 

In  the  reports  of  Messrs.  Deming  and  von  Schweinitz  which  follow, 
together  with  the  analj'tical  tables,  much  interesting  information  may 
be  found  in  regard  to  the  sorghum  sugar  industry-  in  Kansas.  The  suc- 
cessful continuation  of  the  work  at  Fort  Scott  has  encourged  the  be- 
lief in  the  possibility  of  a  speedy  establishment  of  a  sorghum  sugar 
industry  in  Kansas  on  a  large  scale.  The  unfortunate  financial  out- 
come of  the  work  at  Conway  Springs  shows  that  much  is  yet  to  be 
learned  by  those  entering  upon  this  industry  before  success  can  be  con- 
fidently predicted.  A  discussion  of  the  chemical  data  collected  at  Con- 
way Springs  will  be  found  in  connection  with  the  analytical  tables.  It 
is  proper  to  say  here,  however,  that  the  sorghum  juices  of  the  crop 
grown  at  Conway  Springs  show  a  higher  content  of  sucrose  than  any 
large  crop  which  has  ever  before  been  produced  in  the  United  States. 
This  high  content  of  sucrose  which  appeared  in  the  crop  after  the  mid- 
dle of  September,  as  indicated  by  the  analysis  of  the  jnices,  was  con- 
tinued until  the  close  of  the  working  season  in  Kovember.  The  sam- 
ples of  chips  taken  from  the  cells  of  the  battery  showed  in  their  juices 
a  high  content  of  sucrose  uniformly;  much  higher,  in  fact,  than  would 
be  indicated  by  the  output  of  sugar.  One  reason,  doubtless,  tor  this 
was  the  exceptionally  dry  season  diminishing  the  content  of  water  in 
the  cane  and  thus  increasing  the  percentage  of  sucrose  in  the  juice. 
This  fact,  though  not  established  by  the  determination  of  the  fiber  in 
the  cane,  is  plainly  indicated  by  two  other  facts  developed  by  the  analyt- 
ical work,  viz,  the  diminished  extraction  when  using  the  small  mill  at 
the  same  pressure  as  the  season  progressed  and  the  high  content  of 
total  solids  in  the  juices.  The  output  of  sugar  was  evidently  dimin- 
ished by  the  character  of  the  water  used  in  diffusion,  but  that  wonld 
be  unable  to  account  for  the  small  yield  of  crystallizable  sugar  obtained 
with  juices  of  the  richness  of  those  worked.  Experiments  made  by 
boiling  a  solution  of  pure  sugar  with  the  water  used  in  diffusion  at 
Conway  Springs  proved  that  the  presence  of  a  large  amount  of  gypsum 
did  not  tend  to  increase  the  inversion  of  sucrose;  that  it  may,  however, 
have  interfered  with  the  crystallization  of  the  sucrose  is  a  fact  which 
can  scarcely  be  denied.  The  actual  output  of  sugar  at  Conway  Springs, 
in  my  opinion,  would  have  been  considerably  larger  had  pure  water  been 
employed  in  the  diffusion  battery;  nevertheless,  the  important  fact 
remains  that  the  yieldof  crystallizable  sugar  was  wholly  disproportional 
to  the  richness  of  the  juices  worked,  showing  that  the  high  ratio  of 
sucrose  was  not  obtained  at  the  expense  of  the  solids  not  sugar  in  the 
juices.  In  other  words,it  appears  that  a  cane  whose  juice  is  normal  in 
quantity,  say  about  90  per  cent,  of  the  total  weight,  and  having  a 
content  of  sugar  equal  to  10  i^er  cent.,  with  total  solids  at  10  per  cent., 
will  yield  fully  as  much,  if  not  more,  sugar  than  a  cane  whose  juice  is 
abnormal,  say  not  more  than  SO  per  cent,  of  the  total  weight,  with  12  i)cr 
cent,  of  sucrose  and  18  or  20  per  cent,  of  total  solids.    Another  impor- 
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taut  fact  developed  by  a  study  of  the  data  obtained  at  Couway  Springs 
is  tile  persistence  of  the  sngar  content  in  the  juice  after  the  cane  was 
fully  ripened.  In  localities  where  considerable  moisture  may  be  ex- 
pected in  the  soil  as  a  result  of  frequent  rains  during  the  manufactur- 
ing season  it  has  been  noticed  that  there  is  a  rai)id  deterioration  of  the 
juices,  beginning  a  short  time  after  complete  maturation.  This  has  been 
especially  noticed  in  the  experience  at  the  Eio  Grande  station.  It  has 
also  been  noticed  by  all  careful  observers  of  sorghum  grown  in  ordinary 
localities.  The  inspissation  of  the  juices  by  the  natural  causes  of  an 
extremely  dry  climate  appears  to  protect  the  sngar  from  this  destruc- 
tion. This  is  a  point  of  the  greatest  interest  to  sorghum-groAvers,  to 
whom  the  preservation  of  the  sugar  in  the  juice  for  a  reasonable  length 
of  time  is  a  matter  of  the  greatest  consideration.  In  the  process  of  dif- 
fusion this  thickening  of  the  juice  entails  no  loss,  although  if  milling 
were  used  for  expressing  the  juice  the  loss  would  be  a  most  serious  one. 
The  above  explanation  of  the  character  of  the  juice  at  Couway  Springs 
is  ofi'ered  with  some  degree  of  hesitation,  since  I  am  fully  aware  of  the 
danger  of  drawing  conclusions  in  sorghum  work  from  a  too  limited  num- 
ber of  observations. 

The  manufacturing  op)erations  at  Conway  Springs  were  greatly  hin- 
dered by  faults  in  the  machinery,  which  could  scarcely  be  avoided  when 
the  short  time  allowed  for  the  manufacture  and  erection  of  the  same  is 
considered.  Instead  of  taking  three  months  for  the  erection  of  a  sugar 
factory,  a  whole  year  is  none  too  long  a  time,  and  disaster,  for  at  least 
one  year,  is  certain  to  attend  attempts  to  erect  such  machinery  in  the 
time  allowed  at  Conway  Springs. 

What  is  needed  now  in  the  sorghum-sugar  industry  is  the  manufact- 
ure of  sugar  at  a  rate  which  will  enable  the  manufacturer  to  compete 
with  sugar  from  other  parts  of  the  world.  A  great  step  in  this  direc- 
tion will  be  secured  when  the  kind  of  machinery  which  has  been  pointed 
out  by  the  investigations  of  the  Department  as  necessary  to  success 
shall  be  constructed  by  skilled  machinists  and  erected  by  skilled  engi- 
neers, with  time  enough  at  their  disposal  to  finish  their  work  before  the 
manufacturing  season  begins.  Some  further  remarks  on  this  subject 
will  be  made  in  another  place. 

From  a  commercial  point  of  view,  the  results  of  the  work  at  Conway 
Springs  are  wholly  disappointing.  To  the  person,  however,  who  will 
take  i)ains  to  inform  himself  in  regard  to  the  conditions  which  there 
obtained,  many  points  of  encouragement  will  be  found  in  spite  of  the 
nnancial  failure  of  tlie  first  season's  work. 

EXPERIMENTS   AT   DOUGLASS,   KANS. 

The  practical  experiments  carried  on  at  Douglass  consisted  in  a 
thorough  trial  of  the  open  system  of  dift'usion  (the  Hughes  system)  to 
test  its  fitness  for  working  on  a  large  scale.     For  the  details  of  the  con- 
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strucliou  of  the  battery  I  refer  to  the  report  of  Mr.  Edsou.  In  regard 
to  its  working  in  general,  I  may  say  that  it  was  a  total  faihire,  both  as 
to  economy  of  power  and  success  of  extraction.  The  financial  diffi- 
culties which  were  njct  with  by  the  company  during  the  year  were  at- 
tributed largely  to  the  use  of  this  battery.  The  evaporating  apparatus 
in  use  at  Douglass  was  of  first-class  quality  and  arranged  in  a  practical 
manner.  The  system  of  clarification  tanks,  double  effects,  and  strike 
pan  was  as  good  as  could  be  desired  for  sugar-makiug  purposes.  Bad 
the  company  adopted  the  system  of  diffusion  erected  by  the  Department 
at  Fort  Scott,  there  is  every  reason  to  believe  that  even  during  the 
first  season  it  would  have  paid  all  expenses  and  made  a  reasonable 
profit.  The  attempt  to  introduce  a  new  and  untried  system  on  a  large 
scale  shows  the  danger  which  too  often  besets  the  introduction  of  anew 
enterprise.  The  promoters  of  such  an  enterprise,  not  satisfied  with 
what  has  been  accomplished,  attempt  to  follow  new  paths,  which  often 
lead  to  unknown  and  unwished-for  localities.  It  is  best  in  any  enter- 
prise to  accept  what  has  been  proved  of  value  and  not  jeopardize  the 
success  of  a  commercial  undertaking  by  introducing  in  its  place  a  kind 
of  experiment,  which,  failing,  would  destroy  all  prospects  of  success. 
As  will  be  seen  by  the  analytical  tables  accompanying  the  Douglass 
report,  the  crop  was  of  iair  cpiality,  showing  about  the  average  per- 
centage of  sucrose  developed  in  Kansas  during  the  last  two  or  three 
years.  The  soil  on  which  most  of  the  crop  was  raised  was  somewhat 
richer  in  vegetable  matter  and  contained  less  sand  than  the  soil  at 
Conway  Springs.  The  climatic  conditions  of  the  t\vo  places  were  so 
nearly  identical  as  to  make  apparently  but  little  difference;  yet  it  must 
be  conceded  that  at  Douglass  the  hot  dry  winds  produced  less  effect 
than  at  Conway  Springs.  There  did  not  appear  to  be  the  same  drying 
up  of  the  juice,  which  may  account  to  some  extent  for  the  percentage 
of  sucrose  therein  being  less.  The  agricultural  results,  however,  were 
of  the  most  encouraging  nature,  showing  that  in  this  locality  a  crop  of 
sorghum  cane  can  be  grown  which,  with  proper  treatment,  may  be  ex- 
pected to  yield  from  80  to  90  pounds  of  sugar  per  ton  of  clean  cane. . 
Not  only  were  the  actual  results  rendered  unfavorable  by  the  kind  of 
battery  employed,  but,  aside  from  this,  for  some  reason  the  centrifugals 
used  proved  to  be  wholly  inadequate  to  the  severe  task  imposed  upon 
them.  The  drying  of  sorghum  sugar  is  at  best  a  difficult  task,  and  only 
the  best  approved  centrifugal  apparatus  should  ever  be  employed  fur 
this  purpose.  Had  the  battery  at  Douglass  worked  successfully  much 
delay  would  have  been  experienced  in  the  manufacture  of  the  crop  by 
the  imperfections  above  noted  in  the  centrifugal  machines. 

EXPERHIENTS  AT   STERLINCI,  KANS. 

At  the  very  beginning  of  my  connection  with  the  experiments  in  the 
manufacture  of  sugar  from  sorghum  I  realized  the  importance  of  improv- 
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ing  the  quality  of  tuc  cane  lo  be  iiised.     In  Bulletin  No.  3,  page  107,  1 
made  the  followiug  statcuients  : 

The  future  success  of  the  industry  depeuds  on  the  following  conditions,  viz: 

(1)  A  careful  selection  and  improvement  of  the  seed  with  a  view  of  increasing  the 
proportion  of  sucrtse. 

(2)  A  definition  of  geographical  limits  of  successful  culture  and  manufacture. 

(3)  A  Letter  metuod  of  purifying  the  juices. 

(4)  A  more  complete  separation  of  the  sugar  from  the  canes. 

(5)  A  more  complete  separation  of  the  sugar  from  the  molasses. 

(6)  A  systematic  utilization  of  the  hy  products. 

(7)  A  careful  nutrition  and  improvement  of  the  soil. 

impiiovp:ment  by  seed  selection. 

I  am  fully  convinced  that  the  Government  should  undertake  the  experiments  which 
have  in  view  the  increase  of  the  ratio  of  sucrose  to  the  other  substances  in  the  juice. 
These  experiments,  to  be  valuable,  must  continue  under  proper  scientific  direction 
for  a  number  of  years.  The  cost  will  be  so  great  that  a  private  citizen  will  hardly  bo 
willing  to  undertake  the  expense. 

The  history  of  the  improvement  in  the  sugar  beet  should  be  sutScient  to  encourage 
all  similar  efforts  with  sorghum. 

The  original  forage  beet,  from  which  the  sugar  beet  has  been  developed,  contained 
only  5  or  6  per  cent,  of  sucrose.  The  sugar  beet  row  will  average  10  per  cent.*  of 
sucrose.  It  seems  to  me  that  a  few  years  of  careful  selection  may  secure  a  similar 
improvement  in  sorghum. 

It  would  be  a  long  step  toward  the  solution  of  the  problem  to  secure  a  sorghum 
that  would  average,  field  with  field,  12  per  cent,  sucrose  and  only  2  x^er  cent,  of  other 
sugars,  and  wath  such  cane  the  great  difficulty  would  be  to  make  sirup  and  not  sugar. 
Those  varieties  and  individuals  of  each  variety  of  cane  which  show  the  best  analyt- 
ical results  should  be  carefully  selected  for  seed,  and  this  selection  continued  until 
accidental  variations  become  hereditary  qualities  in  harmony  with  the  well-known 
principles  of  descent. 

If  these  experiments  in  selection  could  he  made  in  different  parts  of  the  country, 
and  especially  the  A^arions  agricultural  stations  and  colleges,  they  Avould  have  addi- 
tional value  and  force.  In  a  country  whose  soil  and  climate  are  as  diversified  as  in 
this,  results  obtained  in  one  locality  are  not  always  reliable  for  another, 

If  some  unit}"  of  action  could  in  this  way  be  established  among  those  engaged  in 
agricultural  research,  much  time  and  labor  would  be  saved  and- more  valuable  results 
be  obtained. 

In  a  summary  of  the  methods  which  I  had  advocated  for  the  im- 
provement of  the  sorghum  plant,  I  said  in  an  address  before  the  National 
Sugar  Growers'  Association  in  Saint  Louis,  in  February,  1887: 

Finally,  our  experiments  have  taught  us  that  after  all  the  mechanical  difficulties 
which  have  been  enumerated  in  the  manufacture  of  sugar  from  sorghum  have  been 
overcome,  the  industry  can  not  become  commercially  successful  until  the  scientific 
agronomist  succeeds  in  producing  a  sorghum  plant  with  a  reasonably  high  and  uni- 
form content  of  sucrose  and  a  minimum  of  other  substances.  This  work  is  peculiarly 
the  function  of  our  agricultural  experiment  stations.  In  beet- sugar-producing  coun- 
tries the  production  of  the  seed  for  planting  is  a  distinct  branch  of  the  industry.     So, 

*  In  the  six  years  that  have  passed  since  the  above  was  written  the  sugar  beet  has 
been  still  further  improved  and  its  mean  percentage  of  sucrose  now  amounts  to  per- 
haps 12. 
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too,  it  must  bo  with  sorgbum.  A  careful  scientific  selection  of  the  seeds  of  thos'e 
plants  showing  the  best  sugar-producing  qualities,  their  proper  planting  and  culti- 
vation, a  wise  choice  of  locality  and  soil,  a  proper  appreciation  of  the  best  methods 
of  culture,  these  are  all  factors  which  must  be  taken  into  consideration  in  the  suc- 
cessful solution  of  the  problem. 

It  was  with,  this  purpose  in  view  that  I  made  the  arrangements  with 
the  Sterling  Sirup  Company  by  which  the  Department  assumed  control  of 
the  experiments  which  they  had  commenced  in  the  cultivation  of  different 
varieties  of  sorghum.  At  the  time  this  arrangement  was  made,  viz.  in  the 
latter  part  of  Jnly,  Mr.  A.  A.  Denton  was  already  in  charge  thereof  for 
the  Sterling  Sirup  Company,  and  he  was  appointed  to  continue  in 
general  charge  under  the  direction  of  the  Department.  It  was  arranged 
with  Mr.  Denton  that  the  general  line  of  research  should  be  such  as  is  in- 
dicated in  the  above  statements  of  the  purposes  in  view.  The  chemists 
who  were  sent  to  take  charge  of  the  analytical  work  were  instructed  to 
co-operate  with  Mr.  Denton  in  such  a  way  as  to  secure  favorable  results 
and  to  make  such  suggestions  as  might  seem  valuable  in  the  details  of 
the  work.  Mr.  Denton  was  requested  to  make  a  general  study  of  the 
growth  of  the  different  varieties  and  of  the  habits  of  each  one  with  refer- 
ence to  its  fitness  as  a  sugar  plant.  The  most  promising  individuals  of 
each  variety  were  to  be  selected  for  experimental  purposes,  and  those 
showing  the  highest  content  of  sucrose  with  the  lowest  content  of  other 
substances  were  to  be  preserved  for  future  planting.  The  able  manner 
in  which  Mr.  Denton  accomplished  this  work,  assisted  by  the  chemists 
of  the  Department,  will  be  found  in  his  detailed  report.  I  regard  it  of 
the  highest  importance  to  the  future  success  of  the  industry  that  the 
line  of  work  thus  commenced  by  the  Department  should  be  continued. 

One  great  difficulty  with  which  we  have  to  contend  is  in  the  charac- 
ter of  the  appropriations  made  for  the  experimental  work.  I  have 
called  attention  to  this  difficulty  in  former  reports,  and  I  wish  to  empha- 
size the  matter  here.  The  fiscal  year  in  all  Government  affairs  begins 
on  the  1st  of  July.  For  investigations  in  agriculture  no  more  unfortu- 
nate beginning  of  'the  year  could  be  selected.  On  the  1st  of  July  it  is 
too  late  to  commence  experiments  for  that  season  ;  if  these  experiments 
be  postponed  till  the  next  season  arrangements  can  be  made  for  their 
continuation  only  up  to  the  1st  of  the  next  July,  and  thus  they  have  to  be 
stopped  before  they  are  well  begun.  The  difficulty  is  extremely  mani- 
fest in  the  present  instance.  The  wisdom  and  value  of  continuing  the 
experiments  at  Sterling  last  year  will  be  denied  by  no  one.  Abundant 
funds  are  leftover  from  the  present  year's  appropriation  to  continue  the 
experiments  for  another  season  ;  it  is,  however,  unwise  lo  make  any  ar- 
rangements for  such  work,  since  no  part  of  it,  except  that  which  will  be 
let  out  by  contract,  could  be  continued  after  tiie  1st  of  July,  1889.  You 
thus  find  your  hands  tied,  as  it  were,  by  the  unfortunate  disposition  of 
the  experitnental  year  which  lias  to  begin  and  end  with  the  fiscal  year„ 
To  avoid  this  difficulty,  which  has  been  one  of  the  greatest  causes  of 
the  disasters  which  have  attended  our  experiments  with  sorghum,  1 
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earnestly  recomineud  that  all  appropriations  for  field  and  manufactur- 
ing experiments  iu  agricultural  matters  be  made  to  take  effect  from  the 
1st  of  January  each  year  instead  of  the  1st  of  July. 

POINTS  TO  BE  CONSIDERED   IN  BUILDING  A  FACTORY. 

It  is  of  the  utmost  importance,  both  for  the  individuals  and  the  in- 
dustry, that  intending  investors  in  the  sugar  business  should  carefully 
consider  the  problem  presented  to  them  in  all  its  forms.  Failure  is  not 
only  a  personal  calamity  but  a  public  one  in  tliat  it  deters  capital  from 
investment  in  an  industry  which,  i^roperly  pursued,  gives  promise  of  a 
fair  interest  on  the  money  invested. 

Soil  and  climate. — The  importance  of  soil  and  climate  has  already 
been  discussed.  In  the  light  of  present  experience  it  must  be  con- 
ceded that  a  soil  and  climate  similar  to  those  of  southern  and  western 
Kansas  are  best  suited  to  the  culture  of  sorghum  for  sugar-making 
l)arposes.  Further  investigations  may  show  that  Texas  and  Louisiana 
present  equally  as  favorable  conditions,  but  this  yet  awaits  demonstra- 
tion. Conditions  approximately  similar  to  those  mentioned  can  doubt- 
less be  found  in  Arkansas,  Tennessee,  North  Carolina  and  other  locali- 
ties. The  expectations  which  were  entertained  and  positively  advocated 
a  few  years  ago  of  the  establishment  of  a  successful  sorghum  industry 
in  the  great  maize  fields  of  the  country  must  now  be  definitely  aban. 
doned.  He  who  would  now  advise  the  building  of  a  sorghum-sugar 
factory  in  northern  Illinois,  Indiana,  Iowa,  or  Wisconsin  would  either 
betray  his  ignorance  or  his  malignity.  A  season  of  manufacture, 
reasonably  certain  for  sixty  days,  is  an  essential  condition  to  success  in 
the  manufacture  of  sorghum  sugar.  Early  frosts  falling  on  cane  still 
Immature,  or  a  freezing  temperature  on  ripe  cane  followed  by  warm 
weather,  are  alike  fatal  to  a  favorable  issue  of  the  attempt  to  make  sugar. 
Sober  and  careful  men  will  not  be  misled  by  the  claims  of  the  enthusi- 
ast, by  the  making  of  a  few  thousand  pounds  of  sugar  in  Minnesota, 
by  the  graining  of  whole  barrels  of  molasses  in  Iowa.  Four  or  five 
million  acres  of  land  will  iDroduce  all  the  sugar  this  country  can  con- 
sume for  many  years  and  these  acres  should  be  located  where  the  cli- 
matic conditions  are  most  favorable.  During  the  past  season  sorghum 
cane  matured  as  far  north  as  Topeka,  but  in  1886  the  cane  crop  at  Fort 
Scott  was  ruined  by  a  heavy  frost  on  the  29th  of  September,  and  in  1885 
a  like  misfortune  happened  at  Ottawa,  Kans.,  on  the  4th  of  October. 
These  interesting  facts  show  that  these  points  are  on  the  extreme 
northern  limits  of  safety  for  sorghum-sugar  making,  and  the  region  of 
success  will  be  found  to  the  south  and  west  of  them. 

Natural  fertility  of  soil  must  also  be  considered  as  well  as  favorable 
climate.  The  sandy  pine  lands  of  North  Carolina  can  not  hope  to  com- 
pete with  the  rich  prairies  of  southwestern  Kansas  and  the  Indian 
Territory.  Indeed,  in  my  opinion,  the  last-named  locality  should  it  ever 
be  opened  to  white  settlers,  is  destined  to  be  the  great  center  of  the 
1405e->Bul1,  20-^-=^2 
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sorghum- sugar  iudustry ;  nevertheless,  those  who  plant  the  virgin  soils 
of  this  great  southwestern  empire  must  remember  that  to  always  take 
and  never  give  will  tire  the  most  patient  soils,  and  ajust  return  should 
be  annually  made  to  the  williug  fields.  A  judicious  fertilization,  rotation 
of  crops,  and  rest  will  not  only  preserve  the  natural  fertility  of  the  fields 
but  give  even  a  richer  return  in  the  improved  quality  of  the  cane  and 
the  greater  tonnage  secured.  Perhaps  the  most  sensible  solution  of 
the  problem  of  the  disposition  of  the  waste  chips  will  be  found  in  re 
turning  them  to  the  soil.  These  chips  have  a  positive  manurial  value 
in  the  nitrogen  they  contain,  while  their  merely  physical  effect  on  the 
soil  may  prove  of  the  highest  importance. 

Water  supply. — The  misfortunes  which  have  attended  many  attempts 
in  the  manufacture  of  sugar  by  diffusion  b^^  reason  of  an  imperfect  or 
insufficient  water  supply  are  a  sufficient  warning  on  this  subject  to  the 
careful  student.  Notonly  should  the  watersupply  be  abundant  and  easily 
accessible,  but  the  portion  of  it  at  least  which  is  to  be  used  in  the  bat- 
tery should  be  as  pure  as  possible.  The  presence  of  carbonate  of  lime 
and  some  other  carbonates  in  water  is  not  injurious,  but  the  evil  effects 
of  a  large  amount  of  other  kinds  of  mineral  matter  are  shown  in  the  data 
from  Conway  Springs.  When  the  supply  of  water  is  insufiticient  it  has 
been  customary  to  use  ponds  for  receiving  the  waste  from  the  factory, 
so  that  it  may  be  used  again.  This  method  is  applicable  if  care  be 
taken  to  prevent  organic  matters,  scums,  etc.,  from  entering  the  water 
supply.  In  case  this  precaution  is  not  taken  the  operator  of  the  factory 
may  find  himself  in  the  condition  in  which  the  Department  was  placed 
in  its  first  experiments  at  Ottawa  and  Fort  Scort  in  being  compelled  to 
use  water  foul  and  putrescent.  It  is  scarcely  safe  to  rely  upon  a  well 
for  a  supply  of  water,  especially  if  it  has. to  be  sunk  to  any  depth.  Where 
pumping  machinery  must  be  placed  many  feet  below  the  surface,  as  in 
the  cramped  condition  which  attends  its  erection  in  a  well,  serious  diffi- 
culties may  arise  from  the  machinery  getting  out  of  order,  and  a  great 
loss  of  energy  may  ensue  from  the  necessity  of  lifting  the  w^ater  to  a 
great  height.  In  all  cases  wbere  it  is  possible  a  running  stream  of 
water  should  be  selected  for  the  supply,  and  the  factory  should  bo 
placed  conveniently  near  its  banks.  The  importance  of  this  matter  is 
emphasiziHl  the  more  when  it  is  considered  that  the  most  favorable 
localities  for  sugar  making,  as  indicated  by  the  present  state  of  our 
knowledge,  are  situated  in  regions  where  the  water  supply  is  notably 
deficient.  Yet  it  must  be  admitted  that  even  in  southern  and  western 
Kansas  it  will  not  be  difficult  to  find  localities  for  the  erection  of  sugar 
factories  where  the  water  supply  is  certain  and  abundant.  In  the  light 
of  past  experience  it  is  not  probable  that  any  further  mistakes  will  be 
made  in  this  direction.  Careful  estimates  should  be  made  of  the  quan- 
tity of  water  required,  and  absolute  certainty  should  be  secured  of  the 
su[)ply  of  that  amount  of  water,  and  even  of  a  much  greater  amount  in 
cases  of  emergency.  The  only  safety  will  be  found  in  some  such  plau 
as  this. 
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Froximity  of  cane  fields. — Another  point  which  must  be  taken  into 
consideration  in  the  location  ol'  a  factory  is  the  distance  which  the  cane 
is  to  be  transported.  This  is  a  matter  which  of  conrse  the  farmers  rais- 
ing the  cane  are  more  interested  in  than  the  proprietors  of  the  factory, 
when  the  cane  is  grown  by  contract.  With  good  roads,  in  a  level  coun- 
try, it  is  easy  to  draw  from  Ih  to  2  tons  of  field  cane  at  each  load.  The 
average  price  which  is  paid  for  such  cane  at  the  present  time  is  $2  per 
ton.  It  is  evident  that  at  a  given  distance,  varying  according  to  the 
price  of  teams  and  labor  in  each  locality,  the  cost  of  transportation 
would  equal  the  total  receipts  for  the  cane;  in  this  case  the  farmer 
would  have  nothing  left  to  pay  for  the  raising  of  the  cane  and  i)rofit. 
Evidently  true  economy,  from  an  agricultural  x>oint  of  view,  would  re- 
quire the  cane  to  be  grown  as  near  the  factory  as  possible.  It  would 
be  well,  indeed,  if  a]l  the  cane  could  be  grown  within  a  radius  of  1 
mile  from  the  factory.  This  would  give,  in  round  numbers,  2,000  acres 
tributary  to  a  factory.  With  an  ordinary  season  this  ought  to  produce 
20,000  tons  of  cane.  The  lengthening  of  the  radius  of  this  circle  by  one- 
half  mile  would  give  the  greatest  distance  to  be  hauled  IJ  miles,  thus 
vastly  increasing  the  surface  tributary  to  the  central  factory.  It  is 
true  that  at  the  present  time  farmers  are  easily  found  who  are  willing 
to  draw  their  cane  4,  5,  and  even  6  miles,  but  this  condition  of  affairs 
can  not  be  continued  when  the  business  is  fully  established  and  the 
factories  in  sharp  comj)etition  with  each  other.  In  case  the  exhausted 
chips  are  to  be  returned  to  the  soil  as  fertilizer  the  importance  of  a  cen- 
trally located  factory,  as  described,  is  doubly  emphasized. 

Fuel. — A  cheap  and  abundant  supply  of  fuel  is  not  less  important 
than  the  raw  material  to  be  manufactured  into  sugar.  As  far  as  the 
sorghum-sugar  industry  is  concerned  the  coal  which  is  used  for  fuel  is 
transported  almost  exclusively  by  rail.  In  locating  a  factory,  therefore, 
both  for  convenience  of  shipping  the  product  and  for  receiving  a  su[)- 
ply  of  fuel,  it  should  be  placed  sufficiently  near  a  railway  line  to  enable 
it  to  be  connected  therewith  by  a  switch.  It  is  i better,  however,  that 
the  switch  should  be  of  some  considerable  length  than  that  the  waier 
supply  should  be  remote  or  the  cane  in  distant  fields. 

The  problem  of  burning  the  exhausted  chips  has  not  yet  been  succt^ss- 
fully  solved ,  and  I  doubt  very  much  whether  it  will  be.*  Save  the  sofien- 
ening  which  the  chips  undergo  in  the  process  of  diffusion  the  diOiculty 
of  expressing  the  water  from  them  is  as  great  as  that  of  expressing  the 
juice  from  fresh  chips.  Thus  to  dry  the  chips  sufficiently  to  make  them 
economical  for  fuel  would  require  a  vast  expenditure  of  power,  which 
would  hardly  be  supplied  by  the  increased  supply  of  steam  generated  by 
their  combustion.  Experiments  during  the  seasons  1887-88  at  Magnolia 
Plantation,  Louisiana,  showed  that  an  ordinary  cane-mill  was  poorly 
adapted  to  the  pressure  of  exhausted  cane  chips.     The  feeding  of  the 

*  Since  this  was  written  further  experiments  are  more  favorable  to  the  ppssibility 
of  economically  using  the  chips  for  fuel. 
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mill  wiis  difficult,  and  the  amount  of  fuel  produced  seemed  wholly  dis- 
propoitional  to  the  expense  of  preparing  it.  It  has  been  proposed  to 
try  the  process  used  for  extracting  the  water  from  beet  pulp  for  the 
purpose  of  drying  sorghum  chips.  There  is  nothing  whatever  in  the 
experience  of  the  beet  sugar  factories  to  warrant  the  belief  that  such 
a  process  would  render  the  chips  sufficiently  dry  to  burn.  Although  I 
would  not  be  considered  as  discouraging  any  further  attempts  in  the 
direction  of  preparing  sorghum  chips  for  fuel,  I  must  be  allowed  to  ex- 
press the  belief  that  for  some  time  to  come  coal  must  be  chiefly  re- 
lied upon. 

If  the  chips  are  to  be  successfully  burned  in  the  future  we  may  make 
up  our  mind,  that  it  will  have  to  be  done  by  previous  pressure  in  mills 
which  in  all  their  appointments  shall  be  as  strong  and  efficient  as  those 
which  have  been  in  use  for  expressing  the  juice  from  cane.  It  can  not 
be  hoped  that  these  chips  will  be  made  sufficiently  dry  by  exposing 
them  to  the  sun,  and  in  artificial  desiccation  the  amount  of  fuel  required 
would  be  almost  as  great  as  that  used  in  the  evaporation  of  the  original 
juice.  It  is  claimed  that  at  Wonopringo,  in  Java,  as  reported  in  the 
New  Orleans  Item  of  December  16,  1888,  the  Fives-Lille  Company  has 
succeeded  in  drying  the  chips  by  passing  them  through  two  powerful 
three  roll  mills,  and  that  the  chips  thus  dried  do  not  contain  more  than 
55  per  cent,  of  moisture  and  burn  readily  in  an  automatic  furnace  in- 
vented by  Godillot.  If  it  be  assumed  that  100  pounds  of  chips  contain 
10  pounds  of  combustible  matter  it  is  seen  that  nearly  80  pounds  of 
water  will  have  to  be  expressed  therefrom  before  they  are  fit  for  fuel. 
I  am  doubtful  whether  such  a  process  will  piove  profitable  save  in 
countries  where  fuel  is  very  dear,  as  it  is  in  Java  and  Cuba. 

Cost  of  factory.— It  is  on  almost  universal  experience  that  the  actual 
cost  of  a  sugar  factory  is  underestimated  by  those  who  undertake  its 
erection.  Manj^  of  the  disasters  which  have  attended  the  manufacture 
of  sorghum  sugar  ha\:e  been  due  to  miscalculation  of  the  cost  of  the 
apparatus  necessary  for  the  purpose.  It  is  the  part  of  wisdom  to  avoid 
mistakes  of  this  kind,  and  before  undertaking  the  erection  of  a  factory 
to  fully  understand  the  amount  of  outlay  which  will  be  required.  The 
cost  of  a  factory  will,  of  course,  vary  according  to  its  capacity  and  the 
character  of  the  machinery  and  building  erected.  In  my  opinion  there 
is  little  economy  in  using  cheap  machinery,  hastily  and  poorly  i:)ut  to- 
gether. Success  is  more  likely  to  be  obtained  by  using  the  very  best 
machinery  which  has  been  devised  for  sugar-making  purposes,  and 
erecting  it  in  a  lasting  and  substantial  manner.  The  economy  which  is 
secured  in  operating  such  machinery  far  exceeds  that  which  would  be 
obtained  by  erecting  a  cheaper  plant.  The  character  of  the  building 
must  also  be  taken  into  consideration  ;  it  should  be  sufficiently  large  to 
allow  a  pro[)er  disposition  of  all  parts  of  the  machinery  without  crowd- 
ing, and  sufficiently  strong  to  attbrd  a  proper  support  for  such  portions 
tliereof  as  may  rest  upon  it.     Due  regard  sliould  also  be  paid  to  risks 
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of  fire,  aiul  that  portion  of  the  faetory  especially  exposed  to  such  dan- 
gers should  be  niad-'  as  nearly  as  possible  tire-proof.  The  plans  and 
specifications  for  all  tlie  machinery  should  be  carefully  prepared  under 
the  direction  of  a  competent  engineer  and  architect,  and  the  machinery 
furnished  by  manufacturing  firms  whose  experience  and  reputation  are 
a  guaranty  of  the  excellence  of  their  work.  For  a  complete  factory, 
cai)able  of  working  200  tons  per  day,  the  cost  may  be  estimated  at 
$00,000  for  a  minimum  and  $100,000  for  a  maximum,  the  difference  be- 
ing caused  by  the  elaborateness  of  the  work.  This  may  seem  a  large 
sum,  but  it  is  highly  important  that  intending  investors  should  know 
the  magnitude  of  the  undertaking  which  they  propose.  An  estimate 
which  exceeds  the  actual  outlay  by  $10,000  will  be  far  more  satisfactory 
to  all  parties  concerned  than  one  which  falls  short  of  it  by  the  same 
amount. 

Technical  and  chemical  control.— Tho.  manufacture  of  sugar  from 
sorghum  is  no  mysterious  process  known  only  to  one  or  two  persons,  as 
attempts  have  been  made  to  establish  ;  nevertheless  it  must  be  under- 
stood that  without  experience  in  the  manufacture  of  sugar  the  most 
competent  engineer  may  fail.  It  is  best,  therefore,  that  intending  in- 
vestors understand  this  beforehand  that  they  may  be  able  to  secure  some 
one  to  take  charge  of  the  manufacture  of  sugar  who  thoroughly  un- 
derstands the  needs  of  the  business  and  has  had  some  experience  in  the 
conduct  thereof.  Perhaps  there  are  not  more  than  fifteen  or  twenty 
such  men  now  in  the  United  States,  but  their  numl)er  will  be  largely 
increased  within  a  short  time.  It  would  seem,  therefore,  that  the  num- 
ber of  factories  which  could  be  successfully  operated  in  the  next  year 
or  two  is  limited,  and  this  fact  should  be  taken  into  careful  cousidera 
tion  by  those  intending  to  invest  money  in  the  business.  An  intelli- 
gent young  man  of  good  education,  with  quick  perceptions  and  of  in- 
dustrious habits,  would  be  able  in  one  year,  working  in  a  sorghum- 
sugar  factory,  to  obtain  a  knowledge  which  would  enable  him  to  take 
charge  of  a  factory,  with  some  degree  of  success,  on  his  own  responsi- 
bdity.  One  object  which  the  Department  has  had  in  view  in  its  experi- 
ments has  been  in  having  them  open,  not  only  to  public  inspection,  but  to 
careful  technical  study,  to  such  persons  as  chose  to  make  the  attempt. 
It  is  to  be  regretted  that  at  least  one  company,  who  through  the  cour- 
tesy of  the  Commissioner  of  Agriculture  was  permitted  to  use  a  large 
amount  of  machinery  belonging  to  the  Department,  has  so  far  for- 
gotten its  obligations  to  the  public  as  to  refuse  permission  for  a  tech- 
nical study  and  report  on  its  operations  during  the  past  year.  Pub- 
lic property  is  devoted  to  a  x)Oor  purpose  when  used  in  such  a  manner. 

The  importance  of  chemical  control  of  the  manufacturing  work  is  so 
evident  that  I  need  not  dwell  upon  it  long.  The  vagaries  of  the  sorghum 
plant  are  so  pronounced  as  to  require  the  careful  supervision  of  the 
chemist  at  all  times.  In  localities  not  far  removed  differences  in  the 
character  of  the  sorghum  are  most  marked,  as  illustrated  by  the  data 
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obtained  at  Conway  Springs  and  Douglass.  Kans.,  during  tLe  past 
year.  To  deteiiuine  the  titness  of  the  cane  for  the  manufacture  of  su- 
gar, control  the  workings  of  the  factory,  and  liud  and  remove  the  sources 
of  loss  in  the  sugar-house,  are  duties  which  can  be  committed  only  to 
the  chemist.  For  many  years,  at  least,  this  chemical  supervision  will  be 
necessary,  and  its  utility  will  always  continue. 

PEOG-EESS   OP   DIFPUsroX   WITH    SUGAE-CAXE. 

Two  plantations  are  using  the  process  of  dilfusion  during  the  present 
season  for  the  extraction  of  sugar  from  sugar-cane.  These  are  Sugar  Land 
I)lantatiou  of  Colonel  Cunningham,  in  Texas,  and  the  ^lagnolia  plantation 
of  Governor  Warmoth,  in  Louisiana.  The  latest  reports  from  the  Sugar 
Land  plantation  I  find  in  the  Item  of  December  15,  18!>8.  At  that 
time  it  is  reported  that  over  2,000,000  pounds  of  sugar  had  been  made 
and  that  the  ditiasion  battery  was  working  up  from  300  to  350  tons  of 
cane  a  day.  It  is  also  ret^orted  that  an  average  of  194  pounds  of  sugar 
is  made  per  ton.  From  the  analyses  of  the  cane  reported  in  the  Item 
of  November  28,  1888,  it  appears  that  the  juice  has  about  12  per  cent, 
of  crystallizable  sugar.  The  success  of  the  operations  seems  to  be  fully 
assured. 

The  working  of  the  battery  at  Magnolia  is  also  satisfactory.  The  an- 
alysis of  the  cane  shows  that  it  is  extremely  rich  in  sugar.  In  the  Item 
of  December  4  it  is  reported  that  the  juice  contained  13.7  to  1G.6  per 
cent,  of  sugar.  A  polarization  had  beea  made  showing  as  high  as  19.2 
per  cent. 

Under  date  of  December  9,  Mr.  G.  L.  Spencer  writes  as  follows: 

Diffusion  is  working  to  everyone's  satisfaction .  We  have  bad  a  great  many  delays, 
almost  all  of  which  were  caused  by  the  Yaryan  quadruple-effect  pan.  Governor  War- 
moth  bad  the  apparatus  overhauled  this  morning  and  found  that  the  exhaust-pipe 
from  the  pump  opens  into  the  second  eff'ect,  making  a  pressure-pan  of  this  when 
wovlcing  with  more  than  3  or  4  pounds  of  steam.  This  defect  has  been  remedied  and 
we  hope  everything  will  be  all  right  now.  The  cutter  gave  a  great  deal  of  trouble 
at  first,  so  much  that  we  thought  it  would  be  necessary  to  abandon  if.  Finally  two 
holes  cut  in  the  side  of  the  casing  opposite  the  cutting  disk  relieved  it.  so  now  it  is 
working  well.  AV«  can  cnt  a  cell  of  chips  averaging  •2,8t)4  pounds  in  seven  and  a 
half  minutes.  The  dilution  will  probably  surprise  you.  I  intended  starting  with  a 
dilution  of  33  per  cent.,  but  by  a  mistake  in  measurement  I  started  with  50  per  cent. 
With  50  per  cent,  dilution  we  left  from  .28  to  .70  sucrose  in  the  chip  juice.  I  gradu- 
ally reduced  the  dilution  until  it  dropped  to  14.8  per  cent.,  leaving  about  .70  to  1  per 
cent,  of  sucrose  in  the  exhausted  chip  juicts.  We  Lave  finally  commenced  running 
with  a  dilution  of  21  per  cent.,  leaving  .42  per  cent,  of  sucrose  in  the  exhausted  chip 
juices.  With  pulped  cane,  such  as  Hughes's  apparatus  gives,  I  would  be  willing  to 
guaranty  a  dilution  of  only  18  per  cent,  and  to  leave  less  than  .50  per  cent,  of  sugar 
in  the  exhausted  chips.  We  tried  the  use  of  lime  in  the  cells.  Practically,  when 
making  white  sugar,  we  can  not  work  the  battery  hot  enough  to  obtain  clean  juice. 
We  try  to  keep  the  battery  at  about  90^  C. 

Further  experiments  have  also  been  made  in  the  api)lication  of  diffu- 
sion to  sugar-cane  by  Prof.  W.O.  Stubbs  at  the  Kenuer  Sugar  Experi 
uient  Station.  A  full  report  of  this  work  will  be  published  in  a  forth- 
coming bulletin  of  that  station.     In  the  Louisiana  Planter  and  Sugar 
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Mauuractarcr  of  December  .1, 1888,  a  report  is  fbiiiid  on  a  part  of  the 
work  doue.  As  high  as  240  pounds  of  sugar  have  been  obtained  per 
ton  of  cane.     The  results  of  the  work  are  in  every  way  enc()urHgin<j^. 

From  tlie  above  it  is  seen  that  diffusion  with  sugar-cane  is  an  assured 
success,  inid  we  may  expect  to  see  it  gradually  disphicing  the  milling 
process  throughout  the  sugar-producing  world.* 

THE    USE    OF   LIME   IN   THE   DIFFUSION   BATTERY. 

The  use  of  carbonate  of  lime  in  the  diffusion  battery  and  the  patent 
obtained  for  tliis  process  by  Prof.  Magnus  Swenson  are  fully  discussed 
in  Bulletin  No.  17,  p.  Gl,  et  seq. 

Since  the  publication  of  that  bulletin  and  of  Bulletin  No.  14,  further 
experiments  at  Conway  Springs  have  demonstrated  that  the  method 
originally  proposed  by  me  for  the  use  of  lime  to  prevent  inversion  in 
the  battery  by  eveni}'  distributing  finely-divided  lime  upon  the  fresh 
chips  has  proved  satisfactory.  An  apparatus  constructed  by  Mr.  E. 
W.  Deming  succeeded  fairly  well  in  evenl}^  distributing  the  lime  over 
all  the  chips  entering  the  cell  in  such  a  fine  state  of  division  as  to  pre- 
vent any  portion  of  the  contents  of  the  cell  from  becoming  alkaline. 
The  lime  was  prei)'cired  by  air  slaking  and  sifting  through  a  tine  sieve 
into  a  barrel  covered  by  a  cloth  to  i)rotect  the  laborer. 

During  the  past  year  the  use  of  liiue  in  the  diffusion  battery  for  clari- 
fying the  juices  has  received  a  good  deal  of  attention.  The  first  jjerson 
who  proposed  this  process  and  took  out  a  patent  u])on  it  was  Mr. 
O.  B.  Jennings.  Letters  patent,  No.  287544,  dated  October  30,  1883, 
were  issued  to  Mr.  Jennings  on  an  application  tiled  on  the  2d  of  April, 
1883.     Following  is  an  abstract  of  Mr.  Jennings's  patent: 

Be  it  liiiowu  that  I,  Orlando  B.  Jeuuings,  of  Honey  Creek,  in  the  county  of  Wal- 
worth and  State  of  Wisconsin,  have  invented  certain  new  and  useful  improvements 
in  the  manufacture  of  sugar  from  sugar-cane,  sorghum,  maize,  and  other  plants,  of 
which  the  following  is  a  full,  clear,  and  exact  description : 

This  invention  relates  to  the  manufacture  of  sugar  from  different  sugar-producing 
plants,  including  sugar-cane,  maple,  sorghum,  and  maize  ;  hut  it  has  more  especial 
reference  to  defecating  the  juice  in  the  stalks  of  sugar-cane,  sorghum,  and  maize,  and 
extracting  the  juice  from  the  residue  or  hagasse  for  subsequent  boiling  into  sugar  and 
sirup. 

In  making  sugar  from  sugar-producing  plants  with  my  invention,  it  is  my  purpose 
to  extract  and  utilize  all  of  the  saccharine  juice  and  to  obtain  entire  control  of  its 
defecation,  so  as  to  make  a  sirup  free  from  foreign  matter  and  elements  of  fermenta- 
tion. By  it  the  juice  in  evaporating  is  free  from  skimmings  or  precipitates,  tbat  are 
always  liberated  in  the  ordinary  method  of  extracting,  which  w^ste  my  invention 
avoids. 

Applied  to  the  manufacture  of  sugar  from  cane  and  other  stalks,  the  invention  con- 
sists in  a  process  of  preparing  said  stalks  for  the  more  perfect  extraction  of  the  juice 
by  reducing  the  same  to  a  tinely-comminuted  or  dust-like  condition,  and  whereby  the 
juice  cells  are  thoroughly  crushed  and  ruptured.  This  part  of  the  invention  also  in- 
cludes a  combination  ot  circular  saws,  forming  a  compound  saw,  for  reducing  the 
canes  or  stalks  to  such  tinely-comminuted  condition,  likewise  sprinkling  or  mixing 

*A  report  of  the  work  done  in  Louisiana  during  the  past  season  will  soon  be  issued 
as  Bulletin  No.  21. 
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with  said  dust,  before  defecation,  dry  lime  or  lime  whitewasb  in  powder.  Such  lime 
combines  with  the  acid  iu  the  dust,  and  upon  a  suitable  npplication  of  heat  to  the 
whole  forms  double  precipitates  at  one  and  the  same  time. 

Furthermore,  tbe  invention  consists  in  a  ijrocess  of  precipitating  the  n]atter  in  the 
cane-juice  cells  and  cane  pulp,  or  in  the  juice  of  any  sugar-producing  plant,  however 
obtained,  by  exposing  the  jaice  or  material  under  treatment  to  a  temperature  of  over 
212°  F.,  and  subsequently  removing  the  juice  from  the  woody  or  precipitated  mat- 
ter by  washing  the  same  with  currents  of  water.  In  carrying  out  this  part  of  the 
invention  I  use  a  cylinder  or  other  suitable  vessel  iu  which  the  temperature  is  raised 
to  the  required  degree  (about  212°  F.)  for  defecation  and  precipitation  of  the  mat- 
ter capable  of  being  precipitated,  whether  the  same  be  contained  in  sugar-cane, 
sorghum,  and  maize  stalks,  reduced  to  dust  or  not,  or  in  any  saccharine  juice,  includ- 
ing maple  sap,  the  temperature  varying  from  228°  to  267°  F.,  according  to  the  ripeness 
of  the  material  under  treatment  and  other  conditions.  This  vessel  is  suitably  con- 
structed or  provided  with  means  to  admit  of  the  introduction  of  the  material  to  be 
treated;  also,  to  provide  for  the  forcing  out  of  the  exhausted  bagasse  or  refuse,  and 
for  the  introduction  of  steam  while  and  after  charging  it;  likewise,  steam  to  act 
upon  the  condensed  water  and  released  juice  and  force  them  out  through  a  filter. 
Means  are  also  provided  for  running  the  wash-water  from  a  series  of  tanks  in  suc- 
cession through  said  vessel,  to  act  upon  the  charge  therein,  and  an  arrangement  of 
defecating-tank  connections  for  introducing  scum,  sediment,  and  sweet  wash-water 
upon  a  succeeding  charge. 

In  thepiocess  of  extracting  the  saccharine  matter  of  cane,  the  mixing  with  the 
comminuted  cane,  before  the  passage  of  the  same  into  the  diffusing  apparatus  and  the 
defecating  of  the  same,  of  dry  lime  or  lime  whitewash,  whereby  the  material  will  be 
thoroughly  defecated  without  the  liability  of  the  admixture  therewith  of  the  pre- 
cipitate of  the  lime,  substantially  as  described. 

The  combination  with  the  diffusing  tank  of  one  or  more  defecating  tanks,  to  which 
the  juice  is  delivered  from  the  diffusing  tank,  and  pipes  provided  with  valves  for 
drawing  the  skimmings,  settlings,  and  sweet  water  from  said  defecating  tank  or  tanks 
and  passing  the  same  into  the  diffusing  tank  or  vessel,  essentially  as  and  for  the  pur- 
poses heroin  set  forth. 

In  combination  with  the  defecating  tank,  diffusing  tank,  and  a  suitable  evaporator, 
the  settling  tank  provided  with  a  discharge  pipe  for  running  the  juice  into  the  evap 
orator,  and  with  means  for  passing  its  sediment  into  the  diffusing  tank,  substantially 
as  described. 

It  is  seen  that  Mr.  Jennings  makes  a  broad  claim  for  the  appli- 
cation of  the  process  of  clarification  in  the  (liff'asiou  apparatus  for  all 
sugar-producing  plants.  Mr.  Jennings  has  claimed  that  the  process 
devised  bj'  the  Department  for  the  use  of  lime  to  prevent  inversion  iu 
the  battery  is  an  infringement  on  his  method.  Any  one  who  will  care- 
fully examine  Mr.  Jennings's  claim,  as  set  forth  by  himself  in  his  appli- 
cation for  a  patent,  will  see  that  the  two  processes  are  entirely  different, 
not  only  in  principle,  but-in  the  method  of  ^ipplication. 

In  a  letter  to  the  Rural  World,  published  on  the  loth  of  December, 
1888,  T  endeavor  to  make  this  matter  clear;  following  is  a  copy  of  the 
letter : 

United  States  DepartmexXT  of  Agriculture, 

Division  of  Chemistry, 
TTashhigton,  D.  C,  December  1,  18:^8. 

Editor  Rural  World:  I  have  read,  in  the  Rural  World  of  the  22d  of  November, 
the  letter  from  O.  B.  Jennings,  of  Grover,  Colo.,  in  regard  to  his  patent  for  clarifying 
cane  juices  in  the  diffusion  battery. 
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Mr.  Jeuiiings  is  laborlug  under  the  mistake  that  I  have  hecu  using  liis  process  and 
speudiug  live  years  on  what  he  showed  iiie  how  to  do  at  iirst.  This  is  a  coinjjlete  inis- 
apprehensioii  of  the  case.  I  have  revcr  denied  to  Mr.  Jennings  the  honor  of  invent- 
ing the  method  of  clarifying  cane  juices  in  the  diffusion  battery;  in  fact,  long  before 
his  letter  in  your  paper  appeared  I  M'rote  a  note  to  the  New  Orleans  Cify  Item,  specifi- 
cally claiming  for  him  the  honor  of  the  invention  which  had  been  attributed  to 
another  source. 

It  is  important  to  sugar-makers,  either  present  or  prospective,  to  know  the  follow- 
ing points,  viz: 

(1)  The  process  of  using  carbonate  of  lime  in  the  dift'nsiou  battery  is  a  patented 
process  which  can  only  be  used  under  royalty  or  by  permission  of  the  inventor,  Pro- 
fessor Swenson. 

(2)  The  process  of  clarifying  the  cane  juices  in  the  diffusion  battery  is  a  patented 
process  and  can  only  be  employed  under  royalty  or  by  permission  of  the  inventor, 
Mr,  O.  B.  Jennings,  of  Grover,  Colo. 

(3)  The  use  of  dry  lime  or  lime  in  any  form  in  the  diffnsion  battery  to  prevent 
inversion  is  a  process  devised  by  the  Department  of  Agriculture,  and  offered  free  to 
all  sugar-growers  in  this  country.  Under  proper  chemical  control  it  is  more  efficient 
than  the  use  of  carbonate  of  lime. 

I  will  say  further  that  I  have  never  tried  in  any  way  to  use  Mr.  Jennings's  process, 
since  in  an  ordinary  diffusion  battery  it  would  be  wholly  impossible  to  do  so.     The 
high  temperature  which  he  requires  for  the  proper  clarification  of  the  juices  would 
render  the  circulation  of  the  liquid  in  the  battery  almost  impossible. 
Kespectfully, 

H.  W.  Wiley, 

Chemist. 

The  process  of  usiog  lime  in  the  diffusion  batteiy  for  clarifyiDg  pur- 
poses it  is  claimed  has  been  successfully  practiced  in  Java  and  Aus- 
tralia. 

Prof.  W.  C.  Stubbs  has  also  used  it  with  success  at  the  sugar  exper- 
iment station  at  Kenner,  La. 

Col.  E.  H.  Cunningham  of  Sartartia,  Tex.,  has  also  used  the  process 
with  success,  as  is  indicated  by  the  following  letter  from  him,  published 
in  the  Louisiana  Planter  of  December  1,  1888: 

My  diffusion  battery  is  now  working  nicely,  and  I  am  very  much  gratified  at  the 
results  obtained.  Diffusion  is  a  success  beyond  a  doubt.  I  am  now  working  sugars 
by  running  the  juice  direct  from  the  dift'iision  cells  to  the  double  elfects  withont  any 
clarification,  except  using  a  little  lime  in  the  diffusion  cells. 

I  shall  be  glad  to  have  a  visit  from  you  or  any  of  your  Irieuds  who  feel  an  interest 
in  diffnsion. 

The  process  of  ordinary  clarification,  in  my  opinion,  is  more  favorable 
to  the  production  of  a  pure  sugar  than  any  form  of  clarification  in  the 
cells  of  the  battery.  The  process  as  practiced  at  Kenner  and  Sugar 
Lands,  however,  differs  from  that  described  by  Mr.  Jennings  in  working 
at  a  lower  temperature. 

COMPARISON    OF    TOTAL    SOLIDS    DETERMINED   BY    SACCnAROMETER 
AND   DIRECT   DRYING. 

During  the  season  of  LS87  I  instructed  the  chemists  at  the  Fort  Scott 
station  to  make  a  series  of  comparisons  between  the  total  solids  ns 
determined  by  our  standard  saccharometer  and  by  direct  weighing. 
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The  desiccations  were  to  be  made  iu  tiat  disbcs  partly  filled  with  loose 
asbestos  or  cleau  sand.  The  purity  co  tfficieut  of  the  juice  as  sliown 
by  the  spindles  appeared  too  low  to  permit  so  large  a  yield  of  dry  sugar. 
As  was  expected,  tbe  total  solids  as  determined  by  direct  weighing 
were  found  considerably  less  than  were  indicated  by  the  spindles.  Tlie 
ratio  of  each  variation  was  not  tbe  same,  but  a  large  number  of  deter- 
minations established  a  mean  rate  of  variation  which  will  make  it  pos- 
sible to  approximately  correct  the  reading  of  the  common  spindle.  At 
Magnolia  last  year  similar  experiments  were  made  with  the  juices  of 
the  sugar-cane,  hut  these  were  not  extensive  enough  to  fix  the  rate  of 
variation  for  those  juices.  Following  is  a  record  of  some  of  the  work 
done  here: 

Comparison  of  total  solids. 


Xo. 

Total  solids 
by  spindle. 

Total  solids  i    -p,.^  t-pti^p 
dried  ill  dish.  1    -Difference. 

Total  solids  1    nifp  ^„«„^ 
inbydrosen.  j    Dift.rence. 

6029 

6U05  ...  - 

6070 

0074 

607'^ 

6076 

61)79 

t081 

6083  .... 

Per  cent. 
12. 60 

15.20 
13.20 
12.20 

1 1.  r.o 

13.30 
12  30 
12.50 
16.30 

Per  cent. 
11.93 
13.54 
12.  87 
11  48 
11.04 
12.85 
11.77 
12.  00 
16.04 

.67 
.66 
.33 
.72 
.46 
.45 
.53 
.50 
.26 

Per  cent. 

1 

10.94  1                  1.26 
10. 84  1                   .70 

11.59 
11.65 

.71 

.85 

The  determinations  in  hydrogen  were  made  in  a  specially  constructed 
apparatus,  consisting  of  glass  cylinder  furnished  with  a  glass  stopper 
carrying  two  tubes  with  stopcocks  tor  displacing  the  air  with  an  at- 
mosphere of  hydrogen.  The  juice  was  absorbed  by  a  dried  paper  coil 
and  supported  in  the  cylinvler  on  a  disk  of  wire  gauze  resting  on  a  lead 
tripod.  The  cylinder  contained  25'^'^  of  strong  sulphuric  acid.  The 
cylinder  carrying  the  coil  was  placed  in  a  steam  bath  filled  with  dried 
hydrogen  at  100^.  The  stop-cocks  were  then  closed  innl  the  whole  ap- 
paratns  left  at  the  temperature  of  the  steam  for  five  hours.  The  sul- 
phuric acid  absorbed  all  the  moisture,  and  after  cooling  and  tilling  the 
cylinder  with  dried  air  the  coil  was  removed  and  weighed  iu  a  closed 
holder. 

The  determinations  in  fiat  dishes  were  made  by  drying  2.5  to  3  grains 
of  the  juice  at  102^  for  five  hours.  Scarcely  any  difference  was  noticed 
between  the  results  given  by  the  plain  dishes  and  those  filled  with 
sand  or  asbestos,  except  in  the  work  at  Conway  Si)rings. 

In  the  determinations  made  here  in  plain  dishes  the  i")ercentage 
of  total  solids  was  4.G8  per  cent,  less  than  by  the  spindle.  In  the  de. 
terminations  in  hydrogen  they  were  0.94  per  cent.  less.  The  determina- 
tions in  hydrogen,  therefore,  will  show  2.2G  per  cent,  less  total  solids, 
calculated  on  the  number  given  by  the  spindle,  than  those  obtained  by 
drying. 

At  Douglass,  Kans.,  the  normal  juice,  calculated  on  the  data  furnished 
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by  tlio  spindle,  showed  a  loss  ol'S.Gl  per  cent,  in  total  solids  wiieu  dried 
ill  open  dishes. 

At  Conway  Springs  this  loss  in  plain  dishes  was  7.24  per  cent.,  and 
in  asbestos  8.23  per  cent. 

With  diffusion  juices  these  losses  were,  for  Douglass,  11.34  per  cent, 
and  for  Conway  Springs  9.07  per  cent,  in  plain  dishes,  and  10.83  per 
cent,  in  asbestos. 

The  mean  loss  for  norinul  juices  at  Douglass  and  Conw^ay  Springs 
was  8.3G  per  cent. 

For  the  diffusion  juices  the  mean  loss  was  10.01  per  cent. 

It  appears  therefore  that  a  saccbarometer  of  the  standard  Brix  vari- 
ety, as  standardized  by  a  pure  cane  sugar  solution,  must  be  corrected 
by  fully  10  per  cent,  of  its  readings  in  order  to  give  an  approximately 
true  indication  of  the  total  solids  found  in  the  diffusion  juice  of  Kansas 
sorghum.  For  sorghum  grown  in  Nqw  Jersey,  which  was  the  source 
of  most  of  the  juices  examined  here,  the  correction  will  be  only  about 
7  per  cent. 

I  am  having  constructed  some  saccharometers  with  S(  ale  to  read  as 
indicated  by  the  above  corrections. 

The  apparent  purities  of  the  sorghum  juices  will  be  considerably 
raised  by  this  correction;  thus  at  Douglass  the  purity  of  the  normal 
juice  is  raised  from  59.03  per  cent,  to  05.31  per  cent.,  and  at  Conway 
Springs  from  00.70  to  72.70  per  cent.  The  purity  of  the  diffusion  juices 
of  the  two  localities  is  raised  from  58.59  to  00.80  per  cent.,  and  62.92  to 
71.13  per  cent.,  respectively. 

SUMMARY. 

It  has  been  my  duty  during  the  i:>ast  few  years  to  report  the  facts 
concerning  the  sorghum  industry  as  they  were  developed  by  the  re- 
searches of  the  Department  iiud  of  others.  These  facts  have  been  of  a 
varied  nature;  sometimes  they  have  been  favorable  to  the  industry  and 
sometimes  uniavorable,  but  in  all  cases  they  have  been  fully  set  forth 
and  commented  on  in  the  light  of  knowdedge  at  hand.  In  these  inves- 
tigations I  have  been  nnmoved  by  the  abuse  of  interested  parties,  which 
I  have  received  on  account  of  my  unwillingness  to  conceal  the  weak 
points  of  sorghum.  It  was  thought  when  Bulletin  Ko.  18  w^as  issued 
that  the  experimental  work  on  the  part  of  the  Department  with  sorghum 
was  finished,  and  in  that  bulletin  a  summary  was  made  of  the  investi- 
gations conducted  in  the  United  States  during  the  past  twenty-five 
years.  In  that  bulletin  I  expressed  the  belief  that  with  cane  as  rich  as 
bad  been  i)roduced  in  Kansas  on  a  large  scale  it  was  probable  that  a 
yield  of  from  80  to  90  pounds  of  sugar  per  ton  of  clean  cane  can  be 
secured.  Tht  results  of  the  past  year  confirm  me  in  this  opinion  and 
indicate  that,  with  wise  management  and  careful  control  and  proper  se- 
lection of  locality  the  sorghum-sugar  industry  may  be  made  financially 
successful.     In  previous  pages  I  have  endeavored  to  set  forth  carefully 
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some  of  the  things  which  must  be  considered  in  order  to  secure  the  above 
result ;  but  it  must  be  remembered  that  my  individual  opinion  is  simply 
based  upon  the  study  of  the  facts  which  have  been  set  forth.  These 
data  are  accessible  to  every  one  who  cares  to  make  a  careful  study  of 
the  subject,  and  therefore  each  one  interested  has  every  o{)portunity  to 
form  his  own  opinion  concerning  the  matter.  Since  it  is  my  business  to 
investigate  rather  than  to  theorize,  I  have  contented  myself  chiefly 
with  reporting  facts  rather  than  expounding  theories. 


REPORT  Of  H.  A.  HUGHES,  RIO  GRANDE,  N.  J. 


The  whole  season  of  this  year  has  been  devoted  entirely  to  experi- 
mental work,  Avith  the  object  of  securing  additional  light  on  crop  grow- 
ing, manufacturing,  and  commercial  problems. 

The  past  season  was  the  end  of  a  series  of  crop  growing,  covering  a 
period  of  nine  years,  and  fully  confirms  the  fact  that  the  safe  time  for 
planting  Orange  cane,  after  allowing  for  variations  of  climate,  had 
passed. 

The  Amber  cane  had  gone  by  its  season  by  September  23,  at  which 
time  the  cutting  had  commenced,  and  the  Kansas  Orange  had  very  little 
ripe  seed  on  it;  the  Late  Urange  contained  very  little  ripe  seed,  and  a 
large  number  of  the  plumes  did  not  .even  have  seed  formed  in  them. 

The  crop  was  all  harvested  by  November  1. 

The  usual  frosts  and  ice  were  met,  with  results  described  later  on. 


Ana 


Description. 

Sucrose, 
per  cent. 

Brix, 
Ijer  cent. 

Purity. 

Amber ...... .. 

o 
7.  35 
8.47 
6.74 

o 
13.70 
14.21 
12.01 

53.60 
59.60 
£3.  80 

Kansas  Orange 

The  Amber  was  used  to  break  in  the  new  machinery,  not  being  con- 
sidered worth  working  for  sugar.  The  Kansas  Orange  was  all  worked 
for  sugar  and  gave  yields  of  fine  quality  of  SQ  to  90  per  cent,  testj  with- 
out washing,  of  from  65  pounds  to  39  pounds  ))er  ton  of  field  cane.  The 
limit  of  crystallization  can  be  marked  at  55  per  cent,  purit}'.  Crystals 
can  be  formed  below  this  degree,  but  they  are  difficult  to  separate  in  the 
centrifugals. 

The  Late  Orange  was  mostly  below  the  crystallization  point,  and  al- 
though crystals  were  attempted  by  the  sugar-maker  in  order  to  hud  out 
the  limit  at  which  graining  takes  place,  and  several  pans  were  actually 
grained  the  grains  were  so  small  that  conclusions  were  reached  adverse 
to  the  boiling  for  sugar  of  such  material.  Two  weeks  of  the  season  were 
spent  ill  breaking  in  the  evaporator,  and  one  week  in  solving  the  prob- 
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lems  and  testing  the  result  on  tbe  battery  of  chips  of  different  sizes, 
best  for  diffusion,  and  the  balance  of  the  time  in  regular  working. 

A  lot  of  Kansas  Orange  seed  was  selected  and  distributed  among 
twenty  different  farmers,  thus  repeating  the  experiment  described  under 
season  1881,  except  that  Kansas  Orange  of  the  finest  quatity  was  used 
instead  of  Amber.  The  result  was  high  and  low  test  canes  and  large 
and  small  tonnage. 

It  is  but  just  to  say  that  many  of  these  farmers  had  no  knowledge  of 
cane  raising  and  followed  their  own  notions.  Those  who  had  knowledge 
of  our  work  and  some  experience  raised  high-test  canes  and  large  ton- 
nage. 

Tins  season  completes  the  circle  of  observations  and  records  of  crops 
for  nine  years.  The  data  can  be  summed  uj),  which  shows  the  action  of 
fertilizers  on  large  masses  of  cane  as  it  has  been  received  at  the  sugar- 
house,  and  the  proper  and  safe  dates  for  planting  each  variety  are  de- 
termined. This  will  explain  and  answer  many  of  the  criticisms  which 
have  been  imblished  from  year  to  year  by  parties  who  only  saw  this 
work  from  one  season's  stand-point.  The  following  deductions  are  made 
from  the  analysis  of  more  than  38,000  tons  of  cane,  and  cover  a  period 
of  nine  years.  This  table  will  be  found  convenient  for  reference,  under 
the  heading  of  season  1880  to  1888,  inclusive.  It  must  be  borne  in 
mind  that  these  facts  will  only  strictly  apply  to  this  climate  and  this 
soil;  but  until  it  can  be  proved  that  they  will  not  apply  elsewhere  it 
will  serve  as  a  gnide,  and  should  be  interpreted  b}'  taking  into  considera- 
tion the  fertilizers  used,  the  variations  of  the  seasons,  and  the  nature  of 
the  plant.    These  conditions  are  fully  described. 

Summarij  of  record  for  nine  years. 


Fertilizers. 


Complete  fertilizers    ... 
Unknown 

Pacitic  ciiano 

Yard  manure  and  begasse  t 

Larjie  quantiti(^s  of  stable 
manure  andliirbt  dress- 
ings of  phosphoric  acid. 

Compost  in  small  quan- 
tities. 

Small  fpiantitios  of  com- 
post and  muriate  of 
potash. 

Large  quantities  of  com- 
post and  muriate  of 
potash. 

Com]>lete  fertilizers  and 
muriate  of  potash. 


1880 
1881 
1882 
1883 
1884 


1885 
188G 


Seed  pro- 
cured in— 


1888 


Minnesota . . 
Kio  Grande 

..  do 

..do 

...do 


...do 
...do 


PlantiDs 


liar  rest. 


Commenced.       Ended.       Commenced.      Ended 


May  24 '  May  24  ... '  Sept.  22 Oct.  13. 

Xotknown..    Xotkuown   Xot  known  .    Notkuown 


18S7  |....do 


I  Afav  24 June  11. 

!  May  4    i  May  2.-}  . 

Apr.  15   ....    May  6  .. 


j  Apr.  14 j  May  4 

Apr.  10...  I  May  30 

I  May  9 |  June  3 


Sept.  4    X^ov 


Sept.  10 
Sept.  6 


Sept.  2 
.,  Sept.2'J 


Sept.  8 


.do 


May  18 \  June  10...    Sept.  23 


Xov.  14. 
Nov.  11. 


Xov.  11. 
X'ov.  16. 

X^ov.  22. 

Xov.  1. 
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SKmivarij  of  record  for  nine  //cnr.s  — Continued. 


Tonnage 
per  aero. 

Polariscopo  test. 

Fertilizers. 

At  com- 
mencement 

At  end  of 

Variety. 

campaign. 

of  campaign. 

Pounds. 

o 

0 

Con)i)lrtle  fertilizers  ..... 

6,  0(iO 

14 

14 

Amber. 

tlnkiiown 

Xot  known 

G-U 

6-14 

Do. 

I'aci He  ii'iiiiuo 

14,  ()()() 

10.  35 

10.  56 

Amber  and  Late  Orange. 
Do. 

Yi  1  (I  uiatiiiro  aiul  bepasse 

16,' 000 

a  70 

!).'  14 

Large  (iiiantitics  of  stable  luanuro 

{') 

10.  56 

12.  00 

Do. 

uutllight  dressings  of  phosphoric 

acid. 

Compost  in  small  quantities 

11,000 

5.04 

10.00 

Do. 

Small   quantities  of  compost  and 

12,  OUO 

6.00 

9.45 

Amber,  Kansas  Orang'3, 

muriate  of  jiotasli. 

and  Late  Orange. 

Large  (luantitiea  of  compost  and 

(t) 

7.94 

9.48 

Do. 

muriate  of  potasli. 

Complete  fertilizers  and  muriate 

18,  QUO 

7.35 

6.54 

Do. 

of  potash. 

*  8,000  to  32,000  pounds 


1 16,000  to  44,000  pounds. 


The  plantiug  commenced  on  May  24,  in  1880,  and  was  cacb  year  ear- 
lier until  it  reached  April  10, 188G,  from  which  time  the  season  was  made 
later,  including  the  present  year,  this  completing  the  circle. 

Reason  of  1880. — Ripening  of  the  cane  was  traced  with  the  polari- 
scope,  and  when  11  per  cent,  of  sugar  was  reached  cutting  began;  and 
during  the  short  time  required  to  harvest  it,  no  damage  was  received 
from  winds  or  frosts.  The  juice  was  reduced  to  semi  sirup  in  an  open 
evaporator,  and  three  weelis  later  was  shipped  to  Philadelphia  and 
worked  for  sugar,  marking  firsts,  seconds,  and  thirds. 

The  cane  was  planted  in  hills  4  feet  apart,  and  sufficient  plant  food 
used.  The  impression  made  by  this  crop  was  that  rich  cane  could  easily 
be  grown  on  i>oor  land,  and  that  with  a  little  more  fertilizing  large  crops 
could  be  made.  It  has  since  been  found  by  long  and  costly  exprniment 
that  all  the  conditions  for  Amber  cane  were  most  favorable,  cxce[)ting 
that  a  large  tonnage  could  only  have  been  secured  by  proportionately 
fertilizing. 

Season  of  1881. — Farmers  raised  the  entire  crop.  The  acreage  was 
not  known.  It  was  proved  this  year  that  with  seed  from  the  same  lot 
some  farmers  grew  cane  14  per  cent,  of  sugar  in  the  juice,  while  others 
grew  it  with  only  G  per  cent.  Many  conjectures  were  made,  and  the  im- 
pression prevailed  that  some  lands  were  suitable  for  cane  and  others  un- 
suitable. It  was,  however,  apparent  that  all  who  had  the  best  reputa- 
tions for  farming  raised  the  highest  testing  canes. 

Season  of  1882. — Oane  was  grown  by  the  company.  Pacific  guano 
high  in  nitrogen  was  used,  and  only  Amber  cane  was  planted.  The  Late 
Orange  cane  was  grown  only  in  sufficient  quantity  to  supply  seed  for 
the  next  year.  The  nitrogen  had  the  effect  to  keep  the  cane's  leaves 
green  for  a  long  time,  and  even  after  frosts  the  cane  remained  in  good 
condition,  and  was  on  November  4  higher  in  sugar  than  on  Sei^tember 
4.     Since  we  have  had  less  nitrogenous  fertilizing  and  more  of  other 
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plant  food  tbis  variety  bas  steadily  fallen  in  test,  and  the  period  during 
which  it  retains  its  highest  sn^^ar  content  has  been  shortened. 

It  is  not  safe  to  depend  on  this  variety  of  cane  for  the  whole  season, 
even  if  nitrogen  is  used  largely  with  other  plant  food,  because  of  its 
tendency  to  lodge  and  break  with  high  winds. 

Season  o/lS83. — Yard  composts  and  begasse  were  used  in  such  small 
quantities  that  the  nitrogen  did  not  stand  out  prominently.  The  Amber 
had  gone  by  its  season  before  October  8,  and  had  not  the  Late  Orange 
been  substituted  this  season  for  sugar  making  would  have  ended  on 
that  day,  instead  of  iS"ovember  14,  when  the  crop  was  all  in. 

Season  o/1884. — Stable  manure  in  large  quantities,  also  a  dressing  of 
dissolved  bone  ash  from  South  America,  rich  only  in  phosphoric  acid, 
was  used. 

The  pliosphoric  acid  ripened  the  cane  fully  two  weeks  earlier  than  usual, 
and  although  the  leaves  were  dry  the  Amber  cane  held  its  sugar  con- 
tent without  loss  until  w^orked  up  on  October  11.  The  Late  Orange  was 
affected  in  the  same  manner  according  to  its  season,  and  although  ap- 
parently dried  up,  too,  still  held  its  sugar.  Mill  juice  tanks  containing 
G,000  gallons  were  quite  common,  testing  13  to  13J  per  cent,  of  cane 
sugar  from  October  11  to  October  29,  after  which  time  there  was  a  grad- 
ual falling  oft  until  November  11,  when  the  tanks  stood  12  per  cent,  and 
77  purity.     This  ended  this  season,  as  the  crop  was  worked  up. 

The  small  experimental  plots  conducted  by  the  State  Experiment 
Station  have  always  showed  that  by  doubling  the  dose  of  phosphoric 
acid  the  cane  sugar  falls  off  seriously  ;  but  as  it  is  my  intention  to  deal 
only  with  cane  in  immense  masses  as  found  at  the  sugar  house,  I  merely 
call  attention  to  this  fact. 

This  year  produced  nearly  400,000  pounds  of  merchantable  sugar,  and 
there  was  found  by  adding  the  sugar  in  the  molasses,  and  the  loss  in  the 
begasse  as  it  came  from  the  mill,  that  over  1,500,000  pounds  of  sugar 
were  in  the  crop. 

Molasses  only  was  made  from  the  begasse  this  season,  diffusion  being 
for  the  first  time  applied. 

Season  of  1885. — jS^o  phosphates  were  used  and  there  was  not  enough 
compost  to  properly  furnish  nitrogen  to  the  crop;  still  the  nitrogen  was 
felt,  and  when  the  season  commenced  on  September  2,  the  cane  was  so 
green  we  at  one  time  thought  it  would  be  better  to  stop  work.  When 
work  was  begun,  the  Amber  cane  contained  5.04  per  cent,  of  cane  sugar 
and  increased  to  8.8  per  cent,  on  September  29,  when  the  variety  was  all 
brought  in.  The  Late  Orange  cane  contained  10  per  cent,  of  sugar  when 
first  cut,  and  gradually  raised  to  12.57  per  cent.,  slowly  declining  to  10 
])er  cent,  by  jSTovember  11,  the  end  of  the  season.  This  crop  was  planted 
practically  at  the  same  time  as  the  crop  of  1884,  and  harvested  at  the 
same  time.  Had  a  large  quantity  of  nitrogenous  fertilizing  been  used 
the  sugar  contents  would  have  been  much  higher.  Small  quantities  of 
nitrogen  on  lands  deficient  in  organic  matter  will  make  poor  crops. 
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This  was  our  experience  again  ami  again,  and  to  secure  immense  crops 
bigli  in  sugar,  potasli  should  be  combined  with  nitrogen. 

Season  of  1880. — Small  quantities  of  nitrogenous  fertilizer  and  light 
dressings  of  muriate  of  potash  were  used.  The  crop  suffered  severely 
for  lack  of  food.  During  the  season,  where  plenty  of  nourishment  had 
been  supplied,  the  crop  came  to  the  standard.  When  this  was  not  the 
case,  the  Amber  seed  remained  in  a  milky  state  for  a  long  time  and 
soured  as  it  stood  in  the  field,  after  three  days  of  abnormally  hot  weather, 
making  the  cane  unfit  for  sugar  making.  The  Late  Orange  suffered 
from  lack  of  nitrogenous  fertilizing  and  the  sugar  test  rose  and  fell  in 
proportion  as  this  food  and  potash  were  present 5  but  being  a  longer 
feeder  it  did  not  suffer  throughout  the  season  so  much  as  the  Amber. 

The  Kansas  Orange  was  introduced  this  year  and,  being  a  stranger, 
the  ground  was  properly  selected,  and  composts  and  potash  applied  in 
sufficient  quantities,  a  12  per  cent,  cane  with  purities  over  70^  being 
its  record.  The  record  of  the  Late  Orange  cane,  for  the  balance  of  the 
season,  is  high  and  low  test,  according  to  the  land;  finally  ending,  with 
the  crop  all  harvested,  with  a  test  of  9.45  per  cent.  This  crop  discouraged 
the  sugar  company  notwithstanding  the  gains  by  diffusion,  which  process 
had  been  introduced  in  1884.  Local  agriculturists  pronounced  the  ver- 
dict that  the  lands  being  exhausted  by  continual  cropping  were  ruined 
and  unfit  for  crop  of  any  kind.  The  plantation  was  then  sown  in  clover ; 
no  fertilizing  was  done.  The  farmers  laughed  at  the  notion  that  land 
unable  to  grow  large  cane  crops  could  be  expected  to  grow  grass,  but 
it  did  ',  and  the  clover  crops  on  these  lands  have^been  unprecedented  and 
are  the  envy  and  wonder  of  local  farmers,  and  judging  the  land  from 
the  farmers'  own  stand-point,  it  is  to  day  in  better  condition  than  ever 
before.  The  clover  had  found  the  missing  nitrogen  and  furnished  or- 
ganic matter. 

A  lot  of  land  on  these  farms  grew  poor  cane  for  years,  and  in  1887, 
instead  of  planting  it  with  clover,  composts  and  potash  were  supplied 
and  cane  planted  5  by  planting  the  ground  with  twice  the  number  of 
hills  to  the  acre,  portions  of  the  land  approximated  28  tons  of  cane  to 
the  acre. 

Season  of  1887. — The  cane  was  planted  from  May  9  to  June  3,  and  the 
late  varieties  failed  to  mature  properly.  A  good  dressing  of  begasse 
yard  compost,  and  potash  was  used.  The  crop  was  doubled  by  planting 
3  feet  by  24  inches ;  purity  ran  about  64^  and  tests  were  good.  The 
Late  Orange  cane  ripened  sulBficiently  to  retain  its  sugar  in  crystallizing 
quantities  through  frost  and  ice,  until  December  5.  Particulars  of  this 
season  can  be  found  in  Bulletins  Nos.  17  and  18  of  the  Agricultural 
Department,  and  in  reports  of  the  Kew  Jersey  Experiment  Station.  A 
small  plot  was  fertilized  with  large  quantities  of  nitrogenous  manure 
and  planted  with  Amber  seed  grown  in  1886,  from  which  no  cane  sugar 
could  be  made.  The  cane  was  tested  on  September  7,  1887,  and  was 
found  to  test  13.35  per  cent,  cane  sugar;  brix,  17.21o;  purity,  78";  and 
14056— Bull.  20 3 
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it  remained  a  long  time  after  iu  line  condition.  Tlie  same  day  milled 
cliips  from  a  field  planted  from  tbe  same  lot  of  seed  and  fertilized  with 
l^otasli  and  x)liosplaoric  acid,  polarized  8.88°,  and  bad  a  pnrit}^  of  03  61. 

Season  0/I888. — Only  complete  fertilizers  were  nsed  on  one  field,  and 
mnriate  of  potash  was  spread  on  another  field  that  was  poor  and  bad 
never  been  in  cane.  Tbe  hills  were  3  feet  by  24  inches.  Amber  cane 
was  planted  on  May  18,  and  Kansas  Orange  and  Late  Orange  from  May 
19  to  June  10.  A  cold,  wet  Jane  followed,  and  tbe  result  was  unripe 
cane.  Tbe  crop  was  taken  off  between  September  23  and  November  1. 
Tbe  Amber  cane  was  very  poor  in  sugar.  The  Kansas  Orange  ran  from 
9.58°  to  8,250.  Ti2e  stand  on  one  field  of  Orange  (Kansas)  was  i^reserved 
intact  from  cut  and  wire  worms,  by  patches  of  volunteer  canes,  wbere 
seed  bad  been  stacked  previously,  and  some  seed  had  been  left  on  the 
ground.  The  worms  gathered  where  plants  were  the  thickest,  leaving 
the  hills  almost  unmolested.  When  the  ravages  are  feared  seed  could 
be  sprinkled  down  the  center  of  the  rows,  and  afterwards  be  destroyed 
by  the  cultivator  without  extra  expense.  They  only  destroy  wbile 
the  plants  are  very  small  and  disappear  with  the  return  of  dry,  hot 
weather. 

The  Late  Orange  tested  from  C.94  to  6.54.  Scarcely  any  seed  on  tbis 
variety  was  ripe,  and  in  a  great  many  of  the  plumes  seed  was  not  formed 
neither  had  the  cane  jiower  to  resist  ice  and  frost.  These  facts  prove 
conclusively  that  the  safe  time  for  i)lanting  Late  Orange  has  been  passed. 
It  is  possibly  true  this  variety  might  have  been  very  rich  in  sugar,  with 
a  late  fall  and  hot  weather  during  elune  and  September  ;  but  tbis  risk  is 
not  a  safe  one,  and  as  it  positively  can  be  avoided  by  earlier  planting 
it  should  be  done. 

OBSERVATIONS. 

Tbe  time  for  planting  cane  in  this  climate  is,  for  Early  Amber 
not  later  than  May  20  5  Kansas  Orange,  not  later  than  May  10;  Late 
Orange,  not  later  than  May  1.     Ten  days  earlier  can  safely  be  risked. 

Xitrogen  prolongs  the  vitality  in  cane. 

Nitrogenous  fertilizers  combined  with  potash  is  the  best  combination 
for  large  crops  and  high  testing  juice.  Phosphoric  acid  hastens  the 
ripening  of  tbe  cane  about  two  weeks,  and  too  much  i)hosphoric  acid 
reduces  tbe  quantity  of  sugar  in  the  juice. 

Potash  makes  large  and  strong  stalks.  If  canes  are  desired  to  be 
worked  after  frost  and  ice,  they  must  be  supplied  with  ample  food,  be 
well  grown,  and  of  a  late  variety.  If  canes  are  not  well  advanced  when 
frosts  and  ice  strike  them,  tbey  will  not  be  able  to  hold  the  cane  sugar 
long. 

The  earlier  the  variety  the  later  it  should  be  planted.  If  canes  in- 
crease rapidly  in  cane  sugar  soon  after  frost  strikes  them  they  will  soon 
be  wortbless  for  sugar-making.  If  they  do  not  increase  at  all,  or 
very  little,  tbey  will  remain  good  for  a  long  time,  providing  the  frost 
was  severe  enough  to  kill,  or  almost  kill,  the  leaves.     The   Amber 
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has  less  power  to  resist  frost  aud  ice  tbau  Kansas  Orauge,  aud  the 
Kansas  Orange  less  than  the  Late  Orange.  The  time  which  the  sugar 
remains  in  high  percentage  in  the  cane  is  largely  under  the  control  of 
the  cultivator.  In  all  attempts  to  improve  the  seed  by  selection  and 
increase  the  sugar  and  purity,  the  cultivation  must  be  taken  into  con- 
sideration. High  testing  seed  will  make  poor  testing  canes,  if  plant 
food  is  not  present  in  sufllcient  quantities,  or  if  the  cultivation  is  neg- 
lected. Poor  testing  seed  will  give  high  testing  canes  if  the  seed  is  of 
a  good  variety,  and  ample  food  has  been  supplied,  with  good  culti- 
vation. 

Canes  can  not  be  grown,  rich  in  sugar,  by  starving  them.  Ground 
well  supplied  with  i)laut  food  and  badly  cultivated  will  give  very  small 
canes,  rich  in  sugar.  That  there  are  other  peculiarities  in  other  varie- 
ties is  shown  plainly  in  the  case  of  the  White  African.  Although 
planted  late  last  spring,  and  the  ground  fertilized  precisely  like  the 
Amber  and  Kansas  Orange,  it  contained  this  year  12.30  per  cent,  cane 
sugar,  purity  09^  on  September  27,  time  the  field  w^as  cut.,  The  seed 
was  given  to  the  writer  by  Dr.  Collier  along  with  sixty-eight  other  va- 
rieties in  1883,  all  of  which  were  planted;  but  for  certain  good  reasons 
this  cane  was  the  only  one  selected  from  the  lot.  It  has  been  grown 
since  then  each  year,  always  giving  high  percentages  of  sugar.  Some 
of  its  peculiarities  are,  viz,  the  unusual  toughness  of  its  stalk,  when 
overripe,  and  its  great  strength  at  all  times. 

It  is  hard,  for  some  unexplained  reason,  to  get  a  good  stand.  The 
seed  is  white,  and  local  millers,  with  their  crude  appliances,  have  told 
me  that  they  can  get  30  pounds  of  flour  from  1  bushel  of  seed,  which, 
mixed  with  a  small  proportion  of  wheat  flour,  is  preferred  to  buckwheat. 
The  birds  ravage  the  seed,  and  will  select  it  from  a  hill  planted  with 
mixed  Orange  and  Amber  canes,  leaving  the  other  varieties  unmolested. 
In  order  to  be  protected  from  these  depredators  and  secure  the  seed, 
plots  of  sufficient  size  must  be  raised  and  calculations  made  for  this 
loss.  It  has  been  found  true  here  that  they  will  not  take  quite  all  the 
seed  from  1  acre  in  a  season,  consequently  i)lots  of  5  or  30  acres  are 
comparatively  protected. 

The  purity  of  the  canes  of  this  variety  has  been  noticed  as  high  as 
77,920. 

The  cane  has  not  been  properly  studied,  and  the  birds  have  taken 
nearly  all  the  good  seed  from  the  acre  raised  this  season. 

MANUFACTURINa. 

I  will  confine  myself,  in  my  report,  to  methods  adopted  for  the  first 
time  this  year. 

Saicdiist  filters. — It  has  always  been  found  that  filtration  of  the  juice 
through  some  medium  that  would  remove  the  particles  of  matter  me- 
chanically suspended  was  necessary.  For  two  years,  filter  presses  were 
used.    It  was  found  if  the  juice  was  acid  they  soon  became  gummy  an^ 
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refused  to  run;  if  the  juice  was  alkaline  it  would  filter  much  better, 
but  gave  highly  colored  products. 

Last  year  Dr.  Wiley  advised  the  use  of  sand.  This  gave  good  results 
for  a  time,  but  gradually  ran  slow  and  failed  to  give  satisfaction.  The 
size  of  the  filters,  in  proportion  to  the  juice  worked,  was  very  large,  and 
it  soured  easily. 

During  the  past  winter  experiments  were  constantly  carried  on  with 
the  hope  that  something  practical,  cheap,  and  easily  handled  would  be 
discovered.  Experiments  were  made  with  bone  black,  coal,  sand, 
gravel,  oat  straw,  wheat  straw,  grasses,  sedges,  excelsior  packing,  and 
many  other  things,  all  of  which  proved  unable  to  do  the  work  required, 
were  too  costly,  bulky,  or  in  some  other  way  not  desirable.  It  was  ac- 
cidentally found  that  the  coarse  sawdust  as  it  came  from  the  mill 
would  do  the  work. 

Sballow  filters  are  better  than  deep  ones,  and  in  well-conducted  ex- 
periments the  juice  was  so  well  cleared  of  its  mechanical  impurities 
that  it  appeared  to  be  bleached. 

Examinations  of  the  filters  showed,  among  other  things,  soot  from 
the  chimney,  mud,  and  dirt.  The  juice  was  actually  cleansed.  The  filter 
used  in  this  season's  work  was  constructed  as  follows:  A  board  twelve 
inches  wide  was  cut  in  four  pieces  and  a  box  made  4  feet  long  by  2  feet 
wide;  a  wire  screen  with  one-sixteenth  of  an  inch  mesh  was  fastened 
on  the  bottom,  and  three  inches  of  sawdust  placed  within  it.  Care 
should  be  taken  that  something  should  be  placed  over  the  sawdust  to 
break  the  fall  of  the  juice  and  prevent  guttering. 

It  was  found  in  practice  that  1  bushel  of  sawdust  was  sufficient  to 
filter  the  juice  from  15  tons  of  cane,  and  that  the  filter  should  be  re- 
newed every  twelve  hours. 

It  may  also  be  well  to  state  that  the  hot  juice  as  it  came  from  the 
evaporator  was  run  through  a  sawdust  filter,  removing  scum,  scale, 
dirt,  etc. 

Donhle  shredding. — In  1885  samples  were  taken  of  the  exhausted 
chips  as  they  came  fiom  the  German  diffusion  battery  and  it  was  found 
that  better  diffusion  had  taken  place  in  small  chips  than  from  a  larger 
size;  and  last  season  this  was  found  true  also  of  the  battery  which  was 
then  being  tried  for  the  first  time.  All  attempts  to  obtain  a  chip  of 
the  size  required  failed,  owing  to  the  following  facts  :  If  the  knives  of 
the  shredder  and  the  cutting  bar  were  placed  so  closely  together  that 
the  small  chips  might  be  made  either  the  shredder  would  not  feed  fast 
enough  or  the  knives  would  clog  with  the  fine  cane  and  stop  cutting. 
It  was  found  this  season  that  by  making  the  ordinary  cut  first  and 
afterwards  allowing  the  edge  of  the  knives  to  project  beyond  the  cyl- 
inder very  slightly,  and  by  moving  the  cutting-bar  closer  and  passing 
the  previously  cut  cane  through  a  second  time,  the  chips  could  be  made 
as  fine  as  possible  or  as  desirable. 

It  was  found  in  actual  work  that  baskets  of  cane  filled  with  chips  of  the 
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customary  size  weighed  160  pounds,  and  packed  in  the  same  way  with  the 
re-shredded  chips  weighed  212  pounds,  thus  increasing  the  capacity  of 
the  battery,  and  by  its  close  packing  increasing  the  density  of  the 
juice. 

It  is  to  be  hoped,  notwithstanding  the  brilliancy  of  these  results,  that 
manufacturers  will  not  at  once  attempt  to  double  shred  their  chips,  be- 
cause the  second  time  they  go  through  they  are  not  self-feeding,  and 
machines  should  be  invented  and  proven  equal  to  their  task  before  a 
commercial  season  should  be  risked. 

Evaporator. — In  accordance  with  your  instructions,  I  constructed  an 
open  evaporator  to  be  run  by  crude  oil  (petroleum).  Parallel  brick 
walls  13  inches  thick,  34  feet  long,  and  24  inches  high  were  constructed. 
At  one  end  was  an  iron  stack,  and  at  the  opposite  end  were  the  burners. 
Upon  the  walls  was  placed  an  open  evaporator  of  sheet  iron  1  foot  high, 
30  feet  long,  and  4  feet  broad,  divided  by  partitions  8  inches  apart,  6 
inches  high,  and  45  inches  long.  The  juice  entered  the  pan  over  the 
burners,  discharged  at  the  opposite  end,  traversing  a  distance  of  about 
164  feet  in  twelve  minutes.  The  skimmings  remained  at  the  end  over 
the  burners  and  were  easily  removed.  As  this  was  the  first  time,  to 
my  knowledge,  that  crude  oil  had  been  applied  to  sugar  work,  I  was 
able  to  collect  little  data  to  guide  me.  After  examining  personally  the 
burners  in  use  for  steam-boilers,  I  finally  adopted  one  belonging  to  H. 
W.  Whiting,  of  Philadelphia.  He  advised  me  to  i^lace  three  burners 
at  the  end,  and  inserting  in  the  brick-work,  at  intervals  of  1  foot,  inch 
pipes,  to  extend  completely  through  the  walls  and  flues  and  to  be  per- 
forated with  holes  one  fourth  of  an  inch  in  diameter  and  3  inches  apart. 
The  intention  was  that  air  should  pass  through  the  end  of  these  pipes, 
then  through  the  perforated  holes  into  the  flue,  and  thus  aid  combustion. 

The  burners  were  made  from  2-incli  pipes  with  a  T  fitting  openiug  at 
the  bottom  to  supply  air  on  the  Bunsen  burner  principle ;  the  oil  passed 
through  a  quarter-inch  pipe,  through  a  cock  into  a  1^  inch  coil  IJ  inch 
in  diameter,  so  placed  as  to  receive  a  large  portion  of  the  heat  from  the 
burners  -,  there  is  also  a  quarter-inch  steam  pipe  leading  into  the  end  of 
the  pipe,  so  that  the  oil  and  steam  can  be  mixed  as  it  passes  into  the  hot 
coil,  or  superheater,  as  it  is  named.  When  the  oil  is  converted  into  gas 
from  the  superheater  it  passes  into  the  Bunsen  burner  and  is  forced 
through  it  by  another  steam  jet  and  burned  from  the  opening. 

In  our  first  experiment  Bradford  crude  oil  was  used,  and  in  our  final 
experiments  black  residuum  of  the  refineries,  which  I  have  been  informed 
is  the  product  left  behind  after  the  light  oils  have  been  distilled  off. 

In  practice  we  could  find  very  little  difference  in  the  heating  of  the 
two  oils.  Lima  oil  could  not  be  had  in  quantity  less  than  6,000  gallons j 
consequently  it  was  not  used. 

It  was  found  in  starting  the  burners  that  a  stack  10  inches  in  diame- 
ter was  too  small,  the  effect  in  practice  heing  to  cause  explosion  of  gas. 

A  stack  of  24  inches  diameter  was  substituted  j  this  stopped  all  explo- 
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sions,  but  wasted  the  beat.  Dampers  made  cf  fire-clay  were  then  used,  - 
and  it  was  found  that  after  the  superheater  was  hot  enough  to  generate 
gas  freely  the  dampers  could  be  safely  closed.  Care  had  been  taken 
in  constructing  the  dampers  to  arrange  them  so  that  there  was  left  on 
the  sides  a  space  equal  to  about  12  inches  square  after  they  were  in.  A 
further  improvement  in  the  heating  was  made  by  filling  in  next  to  the 
stack  with  dirt.  This  bank  of  earth  was  then  extended  back  into  the 
flue  for  about  its  length  and  paved  on  the  top  with  bricks.  There  was  left 
a  space  of  about  9  inches  between  the  pavement  and  the  bottom  of  the 
evaporator  ;  and  in  filling  in  the  flue  the  combustion  pipes  were  cov- 
ered up  for  the  length  of  the  embankment.  The  combustion  pipes 
directly  in  front  of  the  flame  were  soon  burnt  out.  No  detrimental 
effects  being  perceptible  from  the  loss  of  this  air,  it  is  safe  to  conclude 
that  they  were  of  no  value. 

The  owner  of  the  burners  thought  we  would  evaporate  at  least  15 
pounds  of  water  for  each  pound  of  oil  burned,  and  hoped  we  would 
reach  18  or  20  pounds.  The  record  of  the  best  day's  work  shows  7-i% 
l)ounds.  It  is  but  just  to  say  that  the  evaporator  was  entirely  too 
large  for  the  work  it  had  to  do,  and  the  walls  had  time  to  cool  before 
starting  each  day.  Now  it  is  found  that  if  the  walls  and  surrounding 
mediums  are  much  lower  than  the  temperature  of  the  gaseous  prod- 
uct of  the  Bunsen  burners,  condensation  takes  place  and  the  oil  is 
fried,  as  it  is  called,  instead  of  being  generated  into  gas,  which  is 
wasteful  in  the  extreme.  One-third  of  all  the  oil  burned  was  generally 
used  in  starting  the  burners  each  day.  Another  source  of  loss  long 
evaded  our  researches.  It  was  caused  by  using  cocks  to  feed  oil  to  the 
superheater.  A  common  quarter-inch  globe  valve  was  substituted  for 
the  cock,  which  brought  the  burners  under  full  control  and  enabled  us 
to  burn  only  one-quarter  as  much  oil.  I  make  the  suggestion  that 
pipes  for  supplying  oil  to  the  superheater  should  should  be  less  than 
one-quarter  inch;  that  globe  valves  less  than  one-quarter  inch  be  used, 
and  that  threads  that  regulate  these  valves  bo  made  as  fine  as  pos- 
sible, so  that  they  may  have  the  most  delicate  adjustment.  I  can  not 
tell  the  saving  of  all  these  apparent  improvements,  because,  I  had  not 
time  to  get  the  record  properly.  Taking  the  record  as  it  is  and  count- 
ing the  price  of  oil  at  $1.25  per  barrel,  about  one-half  of  the  water  was 
removed  from  the  diffusion  juice  of  each  ton  of  field  cane  for  31  cents 
per  ton. 

The  advantages  of  the  evaporation  are:  (1)  Cleanliness  and  freedom 
from  smoke  and  ashes;  (2)  the  little  attention  required  to  run  it;  (3) 
the  good  and  rapid  work  done. 

With  rapid  running  the  inversion  is  almost  nothing;  in  fact,  after 
evaporation  it  is  sometimes  higher  in  purity  than  before,  after  removing 
the  scum. 

It  should  be  remembered  that  the  unrefinable  Lima  oil  has  beeu 
quoted  at  the  wells  for  15  cents,  which  would  lower  the  price  for  evap- 
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oration  of  their  juice  iu  that  section  to  4  cents  per  ton.  The  loss  in 
starting  could  be  avoided  very  much  by  proportioniug  the  evaporator 
to  the  size  of  the  house. 

The  Battery. — The  designing,  building,  and  breaking  in  of  such  an 
apparatus  as  a  new  diffusion  battery  on  an  entirely  new  principle  could 
not  but  prove  a  gigantic  task. 

The  object  of  the  battery  at  firsi}  was  to  make  a  cheap  diffusion  bat- 
teiy,  applicable  to  small  houses;  second  to  make  thick  juice. 

For  three  seasons  laboratory  experiments  were  carried  on  at  Eio 
Grande  and  dense  juices  made  by  diffusion,  equal  to  mill  juice  from  un- 
stiipped  cane,  and  the  principles  by  which  this  juice  was  obtained  were 
incorporated  iu  this  battery. 

The  season  last  year  was  devoted  completed  to  the  breaking  iu  and 
fiudnig  out  the  rules  governing  this  machine. 

The  ram  constructed  to  lift  the  baskets,  last  season,  worked  slowly. 
When  making  some  changes  this  fall. the  cause  was  located  and  cor- 
rected. Owing  to  this  mechanical  difficulty  and  being  forced  to  take 
off'  a  crop  promptly,  it  was  not  until  later  in  the  season  that  plans  could 
be  put  in  practice  which  would  remedy  defects  in  heating  and  extrac- 
tion. This  was  tried  with  temporary  arrangements,  but  the  results 
were  considered  so  high  that  it  was  objected  to  on  the  ground  that  the 
time  during  which  the  experiments  were  conducted  was  too  short  to 
thoroughly  demonstrate  the  facts. 

The  chemist  of  the  New  Jersey  Experiment  Station,  after  carefully 
going  over  his  work,  says,  reporting  on  this  experiment : 

The  best  work  accomplished  by  the  Rio  Grande  battery  was  90  percent,  extraction, 
dilution  11.5°  ;  purity,  declined  1^. 

The  cell  necessary  for  heating  the  chips  iDroperly  and  thickening  the 
juice  is  placed  outside  of  the  battery  and  is  called  the  eleventh  cell. 
This  year  this  apparatus  was  added  to  the  regular  work,  and  from  the 
first  day  never  failed  to  give  satisfaction.  It  is  found  that  when  the 
cane  is  carefully  packed  into  the  baskets  the  gain  is  not  so  great  as 
when  the  baskets  are  loosely  packed ;  at  such  times  the  full  value  of 
the  eleventh  cell  appears,  gaining  2^  to  3^  Brix. 

The  entire  apparatus  worked  without  delay,  and  the  mechanical  ar- 
rangements were  very  complete.  For  a  battery  of  40  tons,  the  baskets 
and  cane  together  will  not  weigh  400  pounds,  and  the  lift  will  be  con- 
siderably less  tlian  4  feet ;  consequently  400x10=4,000  pounds  to  be 
lifted,  and  4,000x4=16,000  pounds  to  be  raised  1  foot  high  at  each 
movement  of  crane.  The  crane  makes  twenty  movements  in  an  hour 
or  once  every  three  minutes;  consequently  16,000-^3=5,333  pounds 
raised  1  foot  high  each  minute,  or  less  than  one-sixth  of  a  horse-power 
is  required. 

There  is  to  be  added  to  this  the  cost  of  raising  the  water  for  supplying 
the  battery  and  the  movement  of  the  juice;  but  with  these  all  added 
the  cost  for  power  is  found  to  be  merely  nominal. 
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With  double  sliredded  cane  and  actual  ranniiig,  the  dilution  was  re- 
duced to  4J  per  cent,  and  approximated  the  mill  juice  within  four-tenths 
of  a  Brix,  with  a  loss  of  only  16  pounds  of  sugar  left  in  each  ton  of 
cane.  The  Brix  of  the  milled  diiiusiou  chips  showed  from  IJ  to  2. 
Without  double  shredding  the  battery  gave  within  J  to  2^  Brix  of  the 
mill  juice,  and  left  about  16  jDOunds  of  sugar  in  the  chips  per  ton  of 
cane.  The  purity  fell  off  one  to  two  degrees,  but  it  must  be  remem- 
bered that  no  chemicals  were  used  to  prevent  it.  There  is  always  a 
percentage,  about  2  per  cent.,  of  leaves  and  sheaths  which  pass  the 
cleaners,  and  as  their  purity  is  very  low  they  must  reduce  the  purity 
of  the  diffusion  juice.  Lime  and  its  salts  and  sulphites  have  been  used 
in  batteries,  and  have  appeared  to  give  juice  of  as  high  a  i^urity  as  the 
mill  juice;  but  it  would  have  to  be  shown  that  some  of  the  glucose  had 
not  been  destroyed  before  the  point  can  be  positively  settled.  Besides, 
alkalies  used  on  the  fiber  in  the  cells  and  clarifiers  where  the  fiber  is 
present  are  believed  to  produce  gum. 

It  has  been  observed  this  season  that  when  scum  raised  in  the  chips 
from  heat,  while  diffusion  was  going  on,  that  the  juice  coming  from  this 
battery  was  higher  in  purity  than  mill  juice.  There  is  no  evidence  that 
the  air  passes  through  the  cane,  while  being  diffused,  except  when  first 
heated ;  neither  do  the  juice  or  chips  turn  black  while  diffusing,  as  is 
supposed  by  some;  and  the  color  of  the  juice  will  compare  favorably 
with  the  mill  juice. 

INVERSION   AND   CLARIFYING. 

Considerable  inversion  has  taken  place  in  the  house  this  season.  The 
most  of  the  inversion  takes  place  by  permitting  the  juice  to  stand  hot 
for  a  considerable  time  in  tanks,  and  in  process  of  manufacture  this 
should  be  carefully  avoided. 

This  is  the  third  year  during  which  we  have  used  no  clarifiers,  and  the 
writer  does  not  see  what  use  they  are  with  the  present  knowledge  of 
the  juice.  Alkalies  used  too  freely  in  the  battery  or  in  the  clarifiers 
when  fiber  is  mechanically  susj^ended  are  thought  to  produce  gum  and 
prevent  crystallization,  although  the  instruments  may  show  no  loss 
from  inversion.  After  the  juice  has  been  filtered,  the  addition  of  alkali 
in  not  too  large  quantities,  so  that  the  juice  would  be  neutral,  or,  better 
still,  slightly  acid,  would  no  doubt  prevent  some  inversion.  The  cor- 
rect method  of  properly  clarifying  the  juice  of  the  sorghum  so  that  the 
"not  sugar"  parts  can  be  precipitated,  and  the  purity  be  made  to  gain 
largely,  is  not  known  to  the  writer.  Eapid  running  in  the  diffusion 
battery  and  quick  running  in  the  open  evaporator  will  almost  entirely 
prevent  the  inversion  of  sugar. 

COMMERCIAL   POINTS  AND   AUXILIARY   HOUSES. 

The  auxiliary  houses  have  been  ste.-.dily  kept  in  view  during  the  sea- 
son's work,  and  the  fact  has  been  remembered  that  the  industry  will 
spread  and  succeed  at  a  much  quicker  rate  if  the  capital  necessary  to 
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coudiict  the  business  is  kept  as  low  as  possibly  consistent  with  good 
mauagement.  The  cost  of  building  sugar-houses  is  reduced  to  a  mini- 
mum, and  labor  saved.  There  is  no  good  reason  to  expect  to  make 
money  out  of  the  sorghum  business  unless  conducted  on  sound  busi- 
ness principles.  The  knowledge  of  the  business  is  now  advanced  to 
such  a  point  that  there  is  nothing  to  prevent  accurate  calculations  being 
made.  The  cost  of  the  machinery,  the  work  it  can  do,  the  labor  re- 
quired to  run  it,  the  cost  of  the  cane,  the  yield  and  quality  of  the  product 
can  now  all  be  closely  estimated. 

Sugar-houses  built  without  deftnite  ideas  of  the  work  to  be  done  or 
machinery  added  piece  by  piece,  without  i)lans  or  contracts,  and  such 
machinery  as  clariflers,  as  filter  presses,  and  bone-black  drones  added, 
with  the  expectation  of  only  making  white  granulated  sugar  directly 
from  the  juice,  will  be  certain  to  bring  financial  failure  and  disappoint- 
ment to  its  projectors,  unless  the  capital  is  heavy  enough  to  stand  the 
strain,  or  the  parties  are  willing  to  make  experimental  work  of  their 
plants  and  pay  the  price  for  doing  it.  Notwithstanding  the  closeness 
with  which  all  these  calculations  can  now  be  made,  the  following  should 
be  remembered.  I  have  never  known  a  sugar-house  of  any  kind  to  be 
made  so  complete  and  be  in  such  fine  running  order  that  it  could  be 
depended  on  to  make  a  commercial  success  the  first  season,  Either  its 
water  arrangements  will  fall  short  of  expectations,  or  the  boilers  fail  to 
be  large  enough,  or  strikes  and  delays  will  detain  the  machinery,  or 
castings  will  be  broken  in  shipping,  or  some  minor  points  will  be  badly 
proportioned  or  too  weak,  foundations  will  prove  not  sufficiently  secure, 
shafts  will  be  found  out  of  line,  etc.  All  this  will  occur,  not  from  any 
bad  management,  but  because  the  nature  of  the  work  is  such  that  the 
lactory  can  only  i^erform  its  task  satisfactorily  after  being  broken  in  on 
cane.  The  cane  alone  can  give  the  necessary  adjustment.  Erroneous 
and  disappointing  calculations  have  been  made  by  celebrated  sugar 
engineers,  in  making  calculations  for  sorghum,  by  using  Avell-knovvn 
standard  rules  for  the  evaporation  of  water  as  a  basis  for  calculalicm; 
and  repeatedly  has  machinery  proved  suitable  for  southern  cane  failed 
when  applied  to  this  work.  The  moral  of  all  this  is  that  in  construct- 
ing new  works  there  should  be  only  enough  cane  raised  the  first  season 
to  break  in  and  test  the  sugar-house  thoroughly  in  every  part,  in  order 
that  when  the  machinery  is  called  upon  the  succeeding  season  it  would 
fulfill  the  work  it  had  been  calculated  to  do,  without  delay  or  hin- 
drance. 

The  expense  of  doing  all  this  should  be  allowed  for  in  the  capital 
account. 

In  some  sorghum-houses,  calculated  to  work  100  tons  of  cane  a  day, 
will  be  found  strike  vacuum  pans  of  such  large  size  that  the  cost  of 
erecting  them  and  the  pumps  necessary  for  their  use,  the  large  pipe 
fittings,  and  other  paraphernalia  will  cost  as  much  alone  as  would  suffice 
to  build  an  economical  sugar-house  of  good  size. 
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Experience  1ms  taught  us  that  there  is  a  limit  to  the  size  of  sugar-' 
houses,  and  that  it  costs  very  little  more  to  man  a  40-ton  house  than 
a  20  ton,  and  the  proportionate  cost  of  constructing  is  greatly  in  favor 
of  the  40-ton  plant.  For  sugar-houses  of  larger  size,  I  can  not  yet  give 
accurate  data  with  safety. 

The  following  is  a  plan  based  on  calculations  made  from  actual  work 
already  done  j  the  rules  known  to  govern  the  situation  are  carefully  ap- 
plied and  full  allowance  made  for  such  errors. 

(1)  The  plan  of  a  sugar-house  comx^lete  for  making  sugar,  according 
to  the  process  in  use  at  Kio  Grande.  The  sugar  will  be  brown  or  yel- 
low, and  test  8G  to  90°.  It  is  suitable  for  some  domestic  purposes  and 
for  refining.  The  molasses  will  be  of  fair  color,  suitable  for  mixing  and 
baking  i^urposes. 

These  sugars  can  be  washed  in  centrifugals  and  made  quite  white,  of 
high  test,  but  at  the  expense  of  the  yield.  The  proper  place  for  them 
is  in  a  sugar  refinery  to  be  remelted  and  run  through  black. 

(2)  An  auxiliary  house  for  making  sirup  and  retaining  the  sugar  in 
the  sirup.  Inversion  would  have  to  be  as  carefully  avoided  as  po.ssible. 
These  goods  or  products  would  be  very  fine,  and  could  be  sold  on  their 
merits  for  immediate  consumption,  or  find  a  market  on  their  tests  and 
color  at  the  Central  Sugar-House. 

The  large  vacuum  i^ans  referred  to  are  well  calculated  to  work  up 
goods  in  this  condition,  in  immense  quantities  -,  the  sugar  could  be  re- 
melted  and  run  through  black. 

Dr.  A.  T.  ]Neale,  of  the  Incw  Jersey  Experiment  Station,  spent  the 
season  at  the  sugar-house.  He  had  control  of  the  chemical  department, 
and  results  of  his  work  will  be  found  in  a  bulletin  to  be  soon  pub- 
lished by  that  station. 

I  respectfully  submit  the  above  report,  with  thanks  to  you  personally 
for  your  uniform  courtesy  and  suj)port. 


RECORD  OF  THE  ANALYSES  MADE  AT  RIO  GRANDE  DURING 

THE  SEASON  OF  1888. 


By  Dr.  Arthur  T.  Nea.le.* 


In  addition  to  studying  the  construction,  the  arrraugement,  and  the 
management  of  the  machinery,  the  chemist  of  this  station  attempted 
to  determine,  at  least  once  each  day,  the  percentage  of  sugar  in  tlie  sor- 
ghum, as  well  as  the  percentage  of  sugar  in  the  products  from  each 
piece  of  apparatus  used  in  this  house.  Breaks  occur  in  this  lecord 
whenever  it  was  necessary  for  him  either  to  return  for  a  day  to  New 
Brunswick  or  to  devote  his  entire  attention  to  some  one  i^oiut  of  special 
interest. 

The  house  was  not  open  for  work  until  the  26th  of  September,  and 
a  few  of  the  samples  of  cane  analyzed  about  the  20th  of  that  month 
were  taken  from  the  crop  standing  in  the  fields.  Such  samples  were 
stripped  and  topped  by  hand.  All  of  the  other  samples  were  drawn 
from  cane  which  w^as  cleaned  b}'  machinery.  They  represent  in  each 
case,  approximately,  1,000  pounds  of  well-mixed  shreds. 

The  varieties  of  sorghum  planted  were :  Early  Amber  on  field  No.  1; 
Late  Orange  on  that  portion  of  field  No.  12  Avhich  was  worked  after 
the  23d  of  October;  White  African  on  a  portion  of  field  No.  2  har- 
vested on  the  27th  instant,  and  Kansas  Orange  in  all  other  cases. 

The  exhausted  chips  were  sampled  as  fast  as  they  were  removed  from 
the  battery ;  a  roughly  measured  quantity  being  taken  in  each  case 
from  each  one  of  ten  baskets.  These  portions  were  subsequently  mixed, 
subsami)led,  and  milled  in  the  usual  manner. 

With  a  few  exceptions,  the  samples  of  diffusion  juice  were,  in  all 
cases,  drawn  from  a  tank  holding  300  gallons.  The  samples  of  the 
evaporator  product  were  also  drawn  from  a  similar  tank.  The  record 
in  detail  is  shown  on  the  following  page. 

The  averages  drawn  in  this  table  prove  that  the  cane  crop  in  1888, 
relative  to  that  of  1887,  was  poorer  in  sugar  by  0.75  per  cent,  and  lower 

""  Bull.  No,  51.     New  Jersey  Agricultural  Experiment  Station,  pp.  12-15. 
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in  purity  by  5.6  degrees.  Tlie  farmers'  explanations  for  this  are:  first, 
late  planting;  second,  early  frosts.  In  some  cases  the  seed  were 
dropped  after  June  1st,  and  in  all  cases  the  leaves  were  killed  hj  the 
frosts  which  occurred  this  year  on  the  4th  of  October,  or  ten  days 
earlier  than  usual.  Late  orange  sorghum,  in  particular,  seems  to  have 
suffered  by  these  conditions,  for  while  the  cane  was  very  large  and  ap- 
parently well  develoi)ed,  its  juice  averaged  less  than  6.5  i^er  cent,  of 
sugar.  Its  seed  crop  was  practically  worthless,  for  a  very  small  propor- 
tion of  tops  had  matured.  In  1887  this  variety  was  well  developed  when 
the  first  frost  killed  the  cane  leaves.  Its  juice  then  contained,  approxi- 
mately, 10  per  cent,  of  sugar. 

A  comparison  of  the  analyses  credited  to  the  cane  and  to  the  diffusion 
juices  leads  to  the  following  calculations:  One  hundred  pounds  of  solid 
matter,  i.  e.,  sugar,  etc.,  existed  on  the  average  in  715  pounds  of  cane 
juice,  or  in  920  pounds  of  diffusion  juice ;  that  is,  cane  juice  was  diluted 
28.6  per  cent,  by  the  diffusion  i^rocess.  If  a  similar  calculation  is  made 
from  the  records  for  the  season  of  1887,  the  dilution  will  be  fixed  at  25.4 
per  cent.  The  decreased  purity  of  the  diffusion  juice  was,  each  year, 
identical ;  it  amounted  to  2.1  degrees. 

The  exhausted  chips,  or  diffusion  bagasse,  which  represented  1  ton 
of  field  sorghum,  contained  on  the  average,  in  1887,  40 j^^  pounds  of 
sugar,  or  35  per  cent,  of  the  total  amount  present  in  the  cane.  In  1888 
the  losses  of  sugar  in  exhausted  chips  amounted  to  22-^%  pounds,  or  21 
per  cent,  of  the  total  amount  present  in  the  average  cane  for  that  year. 

In  1887  the  diffusion  juice  was  concentrated  in  an  open  evaporator 
with  the  aid  of  steam  ;  it  was  reduced  by  this  treatment  to  a  fraction 
more  than  one-third  of  its  original  volume,  at  an  expense  of  4.3  degrees 
of  purity,  which  was  probably  due  to  inversion  of  its  sugar  by  heat. 
In  1888  the  flame  from  burning  fuel  oil  came  in  contact  with  the  bottom 
of  the  evaporator;  the  diffusion  juice  passed  in  an  unbroken  strearo 
over  this  heated  surface,  and  was  thereby  reduced  to  less  than  one-half 
of  its  original  volume.  Its  purity  was  decreased  on  the  average  by  less 
than  1  degree. 

The  following  will  serve  as  a  summary  :  In  1887, 65  per  cent.,  in  1888, 
79  per  cent.,  of  the  total  sugar  in  the  cane  was  extracted.  In  this  re- 
spect, therefore,  the  improvement  has  been  very  great.  The  diffusion 
process,  in  1887,  diluted  cane  juice  by  25.4  i3ercent.;  in  1888  this  dilu- 
tion amounted  to  28.6  per  cent. 

The  iHirity  of  the  cane  juice  was  influenced  each  year  in  the  same 
manner  and  to  the  same  extent,  viz:  decreased  by  2.1  degrees.  The 
concentration  of  the  diffusion  juice  was  accomplished  in  1888  with  con- 
siderable less  than  the  usual  losses  by  inversion. 
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See  Bulletin  18,  p.  20,  United  States  Dei)artraent  of  Agriculture. 


REPORT  OF  PROF.  W.  C.  STUBBS,  KENNER,  LA. 


LOUISIANA  SUGAR  EZPEEIMENT  STATION. 

Ou  Ainll  6,  1888,  two  plats,  Xos.  9  and  10,  at  the  sugar  experiment 
station  were  i:)lanted  in  sorglium. 

PEEYIOUS   CrLTUEE. 

Xo.  9  had  been  continuousJy  in  sorghum  since  1886,  and  So.  10  in 
corn. 

PREPAEATIOX   OF   LA^'D. 

The  land  was  broken  in  the  spring  with  four-horse  plows,  thrown 
into  beds  5  feet  apart,  and  seed  sown  and  lightly  hairowed  in.  Only 
a  partial  stand  was  secured,  germination  being  prevented  by  a  prevail- 
ing drought.  It  was  thinned,  wherever  thick  enough,  to  three  stalks  to 
the  running  foot.  The  cultivation  consisted  of  off-bearing  with  two-horse 
plow,  a  hoeing,  and  returning  the  dirt  with  two-horse  plow,  and  break- 
ing out  the  middles  with  a  large  one  and  three  quarter  Avery  Advance 
double  mold-board  plow. 

The  excessive  rains  began  in  May  and  lasted  till  the  middle  of  July, 
and  prevented  further  cultivation.  The  varieties  planted  on  these  plats 
were : 

1.  Honduras  seed,  grown  at  the  station.  12.  Texas  Honey   Drip,  seed  bought  of 

2.  Honduras  seed,  grown  on  the  Teche.  Gumhrell,  EeTuolds&  Allen,  Kansas 

3.  Link's  Hybrid  seed,  grown  in  Kansas.  City,  Mo. 

4.  White  Mammoth  seed,  grown  at  the  13.  Planted  with  seed  from  Department 

station.  of  Agriculture,  bnt  none  came  up. 

5.  White  India  seed,  grown  in  Kausas.        14.  White  Minnesota  Amber  seed,  grown 

6.  Enyama.  grown  by  J.  P.  Baldwiu,  of  in  Nebraska. 

the  Teche.  15.  Early  Amber  seed,  grown  in  Kansas. 

7.  Early  Orange,  grown  in  Kansas.  10.  Early  Amber  seed,  furnished  by  De- 

8.  Kansas  Orange,  grown  in  Kansas.  partment  of  Agriculture. 

9.  New  Orange,  grown  in  Kansas.  17.   Kansas  Orange  seed  from  Kansas. 

10.  Golden  Rod,  grown  in  Kau.sas.  18.  Link's   Hybrid    seed,    grown   at   the 

11.  Honey  Drip,  grown  in  Kansas.  station. 

Id.  Early  Orange  seed,  grown  at  the  sta- 
tion. 

Several  of  the  above  varieties  were  sent  to  the  State  Experiment 
Station,  Baton  Rouge, La.,  and  to  Xorth  Louisiana  Experiment  Station, 
Calhoun,  La.,  and  e;sperimental  plats  planted  at  each  station, 

4C) 
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The  varieties  planted  at  Baton  Eouge  were  Early  Amber,  Early 
Orange,  Link's  Hybrid,  and  Honduras. 

They  were  planted  in  rows  4  feet  wide,  and  seed  lightly  covered. 
The  caltivation  was  the  same  as  that  giv^en  to  corn,  after  thinning  it  to 
a  stand  of  one  stalk  to  every  4  inches. 

The  storm  of  the  19th  of  August  completely  prostrated  the  canes,  and 
on  September  12  the  entire  field  was  green  with  a  luxurant  growth  of 
suckers. 

The  varieties  grown  at  the  North  Louisiana  Experiment  Station, 
Calhoun,  La.,  were: 

1.  Minnesota  Early  Amber  seed,  from  Ne-      4,  New  Orange  seed,  from  Kansas. 

braska.  5.  White  India  seed,  from  sugar  experi- 

2.  Early  Amber  seed,  from  Department  of  nient  station. 

Agriculture.  6.  Link's  Hybrid  seed,  from  sugar  experi- 

3.  Early  Orange  seed,  from  Department  ment  station. 

of  Agriculture.  7.  Golden  Rod  seed,  from  Kansas. 

These  were  planted  on  April  18,  thinned  to  a  stand,  and  cultivated  in 
its  order  with  the  corn  crop.  Here  flat  cultivation  was  exclusively 
practiced  during  the  season,  while  at  the  other  two  stations  high  ridges 
were  required  for  drainage. 

These  plantings  were  made  with  a  view  of  testing,  by  mill  and  labor- 
atory experiments,  the  adaptability  of  sorghum  as  a  sugar  crop  to 
Louisiana.  If  sugar  can  be  made  profitably  from  sorghum  anywhere 
in  the  United  States  it  should  be  done  in  Louisiana.  Chemical  anal- 
yses show  a  larger  percentage  of  sngar  and  a  smaller  quantity  of  glu- 
cose in  sorghum  grown  in  Louisiana  than  anywhere  else  in  this  country. 
At  least  the  published  analyses  now  at  hand  verify  this  assertion. 
Again,  could  our  sugar  planters  be  persuaded  that  sorghum  could  be 
made  to  yield  a  profitable  quantity  of  sugar,  say  even  1,000  pounds 
per  acre,  they  would  soon  adopt  it  as  an  adjunct  to  the  cane  crop.  Once 
establish  the  fact  that  sugar  can  be  profitably  made  from  sorghum,  and 
it  will  become  exceedingly  popular  with  all  cane-growers,  for  the  fol- 
lowing reasons: 

(1)  By  planting  different  varieties  and  at  different  times  it  can  be 
made  to  ripen  in  Louisiana  at  any  time  from  July  to  November — thus 
giving  employment  six  months  to  an  expensive  machinery,  which  is 
now  engaged  only  sixty  days  in  grinding  the  cane  crop. 

(2)  The  cost  of  seed  required  to  plant  a  crop  of  sorghum  is  very 
small,  quite  insignificant  compared  with  the  large  amount  required  for 
cane. 

(3)  The  ease  and  cheapness  with  which  this  crop  can  be  grown. 

(4)  The  value  of  the  seed  for  forage — a  by-product  without  cost,  save 
the  expense  of  carefully  housing. 

Again,  there  are  vast  tracts  of  rich  alluvial  lands  in  the  middle  and 
northern  portions  of  the  State  which  are  too  far  north  for  cane  and 
which  will  grow  excellent  crons  of  sorohum.  These  lauds  are  now  in 
cotton,  but  could  it  be  demonstrated  that  they  epiild  grow  sorghum 
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profitably,  central  factories  would  spring  up  in  every  direction  and  this 
crop  would  supplant  cotton  in  part,  if  not  entirely. 

Witli  these  possibilities  in  view  the  Director  has  persistently  planted 
sorghum  for  three  years  upon  the  Sugar  Experiment  Station  and  at- 
tempted every  year  to  make  successfully  sugar  from  it  by  the  milling 
process.  Chemical  analyses  have  shown  that  our  juices  were  rich  in 
sucrose  and  low  in  glucose,  but  our  sugar-house  experiments  have  failed 
to  extract  it  successfully.  We  have  made  the  masse  cuite  full  of  grains, 
but  our  centrifugals  failed  to  purge.  All  this  was  due  to  the  starch 
present  in  the  juice  (extracted  by  pressure  with  the  mill),  which,  during 
the  subsequent  process  of  concentration,  was  converted  into  dextrine, 
and  this  substance,  our  Ijcte  noir,  prevented  the  elimination  of  the  sugar. 
Our  past  experiments  have  demonstrated  the  inapplicability  of  the 
crushing  mill  to  sorghum.  They  have  also  shown  that  high  tempera- 
ture must  be  avoided.  Therefore  new  methods  of  extracting  the  juice 
and  processes  of  cooking  in  vacuo  must  be  resorted  to  before  we  can 
successfully  extract  sugar  from  sorghum. 

Fort  Scott,  Kans.,  and  Eio  Grande,  N.  J.,  have  both  demonstrated 
that  diffusion  was  applicable  to  the  extraction  of  juice  and  goodly  quan- 
tities of  sugar  had  thus  been  obtained.  After  planting  the  above  crops 
the  State  bureau  of  agriculture,  which  has  immediate  control  of  the 
stations,  received  a  petition  in  the  form  of  a  series  of  resolutions  from 
the  Ascension  Branch  of  the  Sugar  Planters'  Association,  asking  that 
it  make  an  appropriation  for  the  purpose  of  erecting  a  diffusion  bat- 
tery for  sorghum  and  to  continue  the  experiments  so  auspiciously  begun 
at  Fort  Scott  and  Eio  Grande.  The  planters  were  anxious  to  know  if 
the  flattering  results  obtained  in  Kansas  could  not  be  realized  here. 
The  bureau  having  received  at  one  time  the  deferred  half  of  the  annual 
Hatch  appropriation,  decided  to  grant  the  request  so  far  as  the  limited 
means  at  their  disposal  would  permit.  Accordingly  it  passed  a  series 
of  resolutions  appropriating  money  for  the  enterprise  and  authorizing 
the  Director  to  proceed  at  once  to  obtain  the  necessary  machinery. 

As  soon  as  these  resolutions  were  passed  increased  areas  were  planted 
in  sorghum  at  each  station,  using  seed  received  from  Kansas  at  Ken- 
ner,  and  Early  Amber  and  Orange  at  the  other  two. 

Acting  under  these  resolutions,  bids  were  invited  for  building  first 
a  "  diffusion  battery  of  14  cells,  capacity  of  battery  1 J  to  2  tons  per 
hour;  second,  a  double  effect  of  400  square  feet  of  heating  surface. 
Messrs.  Edwards  &  Haubtman,  of  New  Orleans,  making  the  best  prop- 
osition for  the  erection  of  above  machinery,  were  accorded  the  contract. 

Mr.  J.  P.  Baldwin,  of  St.  Mary's  Parish,  who  had  formerly  been  an 
attache  of  the  station,  and  who  has  great  mechanical  ingenuity,  was  em- 
ployed in  May  to  superintend  the  erection  of  the  machinery,  and  after 
full  and  free  conference  with  him  and  Mr.  E.  W.  Deming,  late  engineer 
in  charge  of  the  Fort  Scott  sugar  works  and  now  supervising  engineer  of 
the  Conwa^^  Soriugs  sugar  works,  Kansas,  the  following  machinery  was 
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ordered  :  Cutter  aud  comuiiiiiutor  or  pulper,  witli  sliafting  and  pulleys, 
from  George  J.  Fritz,  Saint  Louis,  Mo. ;  convenors,  elevators,  and  gear- 
ing from  Link  Belt  Company,  Chicago,  and  Mr.  E.  W.  Demiug  kindly 
superintended  the  construction  of  a  fan,  a  duplicate  of  the  one  made 
for  Conway  Springs  sugar  works,  wliich  he  shipped  us  from  Kansas. 

Considcr.ible  work  liad  to  be  done  to  conform  the  old  sugar-house  to 
its  new  machinery.  Indeed  the  task  of  planning  and  transforming  the 
old  conditions  to  the  new  was  one  requiring  patience,  energy,  aud  ex- 
cellent mechanical  ingenuity.  That  it  has  been  well  done  is  the  uni- 
versal testimony  of  all  visitors. 

After  tlie  above  work  had  been  contracted  for,  the  gratifying  intelli- 
gence was  received  from  the  IHon.  Norman  J.  Colmau,  Commissioner 
of  Agriculture,  Washington,  D.  C,  that  he  would  allow  this  station 
$5,000  of  the  $100,000  recently  appropriated  by  Congress  for  experi- 
ments in  making  sugar  from  sorghum.  This  supplement  to  the  appro- 
priation from  the  Bureau  of  Agriculture  has  enabled  the  station  to  en- 
large its  equipment  and  extend  its  field  of  investigation. 

From  our  past  experience  with  sorghum  it  was  inferred  that  our  crop 
])lanted  on  the  lOtli  of  Ax)ril  would  not  be  ready  for  the  sugar-house 
before  1st  of  September.  Accordingly  we  contracted  with  Messrs.  Ed- 
wards &  Haubtman  to  deliver  the  machinery  by  the  loth  of  August, 
thus  giving  us  fifteen  days  (ample  time)  for  its  erection  aud  prepara- 
tion for  work.  Messrs.  Edwards  &  Haubtman  failed  to  deliver  until  the 
23d  instant,  which  failure,  in  connection  with  the  unprecedented  storm 
of  the  19th  instant,  which  prostrated  completely  our  sorghum,  proved 
most  disastrous  to  our  successful  manufacture  of  sugar. 

In  188G,  sorghum  planted  April  5,  was  harvested  September  13.  In 
1887,  sorghum  planted  April  21,  was  worked  up  September  23.  Both 
years  they  were  worked  at  full  maturity,  excepting  the  Early  Amber 
and  Chinese,  which  were  ripe  in  July  of  each  year. 

It  was  fair  therefore  to  calculate  that,  without  any  natural  interven- 
tion, the  sorghum  this  year  would  not  be  ready  for  the  sugar-house  be- 
fore the  middle  of  September;  and  had  not  the  storm  prevailed  the 
date  of  delivery  of  Messrs,  Edwards  &  Haubtman  would  have  still  af- 
forded us  ample  time  to  have  completed  erection  before  the  maturity 
of  the  crop.  Either  alone  would  not  have  proven  disastrous;  both  to- 
gether were  fatal.     [See  chemical  analysis  further  on  for  verification.] 

Of  the  varieties  mentioned  above,  the  Ambers  were  rii")e  in  Jul3^  and 
accordingly  were  worked  up  by  the  mill,  cooked  to  masse  cuite  and  left 
in  hot  room  for  comparison  with  masse  cuite  from  diffusion  juice. 

LABORATORY  WORK. 

During  the  summer  the  laboratory  has  been  engaged  in  the  study  of 

the  chemistry  of  sorghum.     To  this  end  weekly  analyses  of  all  varieties 

have  been  made  and  daily  study  prosecuted  as  to  the  physiological 

changes  occurring  in  the  growth  and  maturity  of  sorghum.    The  follow- 

14056— Bull.  20—^4 
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ing  are  the  notes  made  by  my  assi&tant,  Mr.  W.  L.  Hutcliiiison,  up  to 
Sei:>tember  1,  at  which  time  he  resigned  to  accept  the  professorship  of 
chemistry  in  the  Agricultural  and  Mechanical  College  of  Mississippi. 
His  leaving  put  an  end  to  his  interesting  investigations. 

June  21. — Iodine  shows  no  starch  in  Minnesota  White  Amber,  just  lieaded.  Single 
polarization  gives  no  sucrose. 

The  following  were  found:  Glucose,  3.C5  per  cent. ;  solids,  6.66  per  cent. ;  albumin- 
oids, .17  per  cent. 

The  precipitate  produced  by  subacetate  of  lead,  after  being  freed  from  the  lead, 
gave  no  trace  of  oxalic  acid,  but  a  quantity  of  tartaric  acid.  So  great  was  the  latter 
that  every  attempt  at  its  entire  removal  failed,  so  that  no  positive  conclusions  as  to 
the  other  acids  present  were  drawn. 

On  July  16  fully  matured  samples  of  Early  Amber  were  obtained,  the  juice  extracted 
and  subjected  to  analysis.  The  sucrose  was  determined  by  single  and  double  polari- 
zation and  by  Fehliug's  solution.     The  following  are  the  results: 

Sucrose:  Total  solids,  16.58;  single  polarization,  12.31;  double,  12.28;  Fehling's, 
12.22.  This  juice  was  concentrated  to  sirup,  and  the  latter  gave,  by  single  polariza- 
tion, sucrose,  52.41;  double  polarization,  53.58. 

STAKCH  IN  SORGHUM. 

With  green  canes  just  heading  no  indications  of  starch  are  given  by 
iodine.  If  there  were  any  blue  it  was  comx)letely  obscured  by  the  in- 
tensely brown  coloration.  This  brown  coloration  indicated  dextrine  and 
other  forms  of  soluble  starch. 

With  well-matured  canes  iodine  gives  an  intensely  blue  color  to- 
wards the  topj  decreasing  in  intensity  towards  the  butt.  Canes  occu- 
pying an  intermediate  condition  between  these  extremes,  or  in  that 
stage  of  growth  when  maturity  begins  to  appear,  as  indicated  by  the 
presence  of  sucrose  in  the  lower  part  of  the  stalk,  starch  will  be  found 
in  the  butt  but  not  in  the  top. 

The  above  conclusions  of  Mr.  Hutchinson  have  been  fully  confirmed 
by  subsequent  experiments  ;  and  it  is  not  unusual  in  our  laboratory  now 
to  prognosticate  the  amount  of  sucrose  in  a  cane  by  the  presence  of 
starch,  so  intimately  are  they  associated.  Both  sucrose  and  starch 
seem  to  be  formed  simultaneously — the  former  from  glucose  and  per- 
haps other  bodies,  and  the  latter  from  dextrine  and  other  soluble 
forms. 

Glucose  occurs  in  largest  quantities  when  the  polariscope  gives  no 
indication  of  sucrose  by  single  polarization.  In  a  sample  of  green  cane, 
in  which  there  was  no  starch  and  by  single  polarization  no  sucrose,  but 
by  double  polarization  1.53  per  cent.,  as  high  as  7  per  cent,  of  glucose 
was  found.  As  the  cane  from  which  the  above  sample  was  selected, 
matured,  repeated  analyses  made  at  short  intervals  showed  tliat  the 
glucose  decreased,  until  at  maturity  it  reached  as  low  as  0.8  per  cent. 

SINGLE   vs.   DOUBLE  POLARIZATION. 

In  juices  from  matured  canes  there  is  a  very  close  agreement  between 
the  sucrose  obtained  by  single  and  double  i)olarizatiou.     Not  so  with 
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the  immature  canes,  and  tbe  greater  the  immaturity  the  greater  the 
disagreement.  In  all  of  the  laboratory  work  on  samples  taken  from  the 
field  sucrose  was  therefore  determined  by  single  and  double  polariza- 
tion. 

ANALYSES   OF   VARIETIES   OF   SORGHUM. 

These  were  begun  July  11  and  continued  weekly  until  worked  up. 
The  following  table  gives  the  results: 

Anahjsis  of  ihc  rariciics  of  soKjhum  at  cliffcrc^it  singes  of  groicth,   Sugar  Experiment 

Station,  Kenncr,  La. 


Diite  of 

aual,  sis. 


July 

Aug. 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
July 
Auk. 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
July 
July 
July 
July 
July 
July 
July 

July 

July 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
July 
July 
Aug. 
Aug. 
Aug. 
Ausr. 


Variety. 


Early  Orange . . 

do 

do 

do 

do 

do 

....  do  

Link's  Hybrid . 

do  -■ 

do 

do 

do 

do 

do 

do 

Kansas  Orange 
do 


.do 
.do 
.do 
do 
.do 


Early  Auiber,  Nebraska  . . 

do 

do 

do 

Early  Amber,  Kansas 

do 

....  do  

Early  Araber,  Department 

of  Agriculture 

do 

do 

Texas  Honey  Drip 

do 


do 

do 

do 

do 

do 

do 

Honey  Drip 

do 

do 

do 

do 

do 

do 

do 

Golden  Rod.... 

do 

do 

do 

do 

do 


9.8 
ICG 
IG 

1C.5 
10.3 
\b.l 
H.5 
11.5 
12.68 
16.20 
13.20 
16.10 
16.20 
l.'j.  30 
11.40 
11.80 
16.90 
15,60 
16.80 

15.  2u 
13.70 
11.60 
13.30 
15.70 
14.80 
17.  20 
13.60 
15.70 

16.  73 

13.2 
17.5 
16.3 
8.9 
10.57 
12.10 
11.8 
14.3 
13.2 
12.8 
10.4 
11.1 
11.01 
10.1 
11.8 
11.8 
14.9 
8.  G 
9.5 
8.5 

13.  6 
1.3.3 
11.7 


10  j  10.2 


Sucrose, 


2.2 

12.4 

12.3 

12.1 

12.2 

11.7 

10.2 

5.2 

8.3 

12.2 

10 

12 

12 

12 

7.9 

4.1 

12.0 

11.6 

11.7 

11.1 

9.7 

8.1 

8.3 

12.1 

11.0 

12.3 

8.4 

12.0 

12.1 

7.0 
13.5 
11.  G 


3.3 
5.8 
7.9 
9.5 
9.3 
9.5 


5.0 
5.8 
7.9 
6.6 
11.0 
5.5 
4.9 
2.0 
6.5 
8.0 
7.0 
6.3 
5.5 


3.22 
12.40 
12.60 
12.  2 1 
12.52 
12.85 


6.22 


12.  lU 
10.00 
12.07 
12.28 
12.  00 


5.12 
12.00 
11.63 
11.67 
n.33 

9.67 

's.  1'5' 


,20 


.78 


1.53 

*5.'4i 
8.25 
9.79 
9.25 
9.53 

'8.  89 


5.41 
8.25 
G.  93 

11.08 
5.  4.) 


4.18 


8.71 
7.39 
6.50 
6.05 


2.  95 

l.(!0 

.  7iJ 

.60 

.73 

1.23 

1,  0,-; 

3.  20 
1.64 
1.28 
1.27 

.74 
.86 
.95 
.99 
3.40 
1.13 
1.45 
2.78 
1.33 
1.98 
1.43 
2.85 
1.20 
1.18 
1.74 
2.75 

1.  l;i 
1.70 

3.71 
1.00 
1..59 
6.34 
4.85 
2.99 
2.20 
2.51 
2.78 
2.78 
2.17 
1.70 
4.25 

2.  99 
2.20 
1.97 

.80 
1.47 
2.  22 
3.40 
2.00 
1.63 
2.  45 
1.21 

.81 
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Analyses  of  the  variciics  of  soryhum  at  ihc  different  stages  of  (jrowth,  etc. — CoutiDued.' 


Date  of 
analysis. 


Sept. 

4 

Sept. 

J  2 

July 

n 

July 

20 

Aug, 

7 

Au-. 

i;{ 

Alls. 

20 

Ans- 

27 

Sept. 

4 

Sept. 

12 

July 

Jl 

July 

20 

Au.ir. 

7 

Auii. 

13 

Au--. 

20 

AULt. 

27 

Sept. 

4 

Soi)t. 

12 

July 

11 

July 

20 

A  no:. 

7 

A  u^. 

IB 

Auj;. 

20 

Aug. 

27 

Sept. 

4 

S.-pt. 

12 

July 

11 

July 

20 

Au-. 

7 

Alls?. 

i:i 

Autr. 

20 

Auo. 

27 

Se]>t. 

4 

Sept. 

12 

July 

U 

July 

20 

Aujr. 

7 

A  up;. 

1:5 

Aug. 

20 

A  us?. 

27 

Sept. 

4 

Sept. 

'zO 

July 

11 

July 

20 

Au<r. 

7 

Auff. 

13 

A  us?. 

20 

Aujj. 

27 

Sept. 

4 

Sept. 

20 

July 

11 

July 

20 

Au-. 

7 

Auii. 

U 

Ausj. 

20 

Auj?. 

27 

Sept. 

4 

Sept. 

20 

July 

11 

July 

20 

Ausr. 

7 

Aug. 

13 

Aug. 

20 

Aug. 

27 

S^iit. 

4 

July 

11 

July 

20 

Aug. 

7 

Aug. 

13 

Aug, 

20 

Aug. 

27 

Sept. 

4 

Sept, 

12 

Variety. 


Golden  Ivod. 


Xew  Orauge. 


do 

do 

do 


Kausas  Orauge 

do  .,..: 

....  do 

....  do 

....  do 

do 

....  do  

do 

Early  Orange 

do 


do 


do  . 

do  . 

do  . 

....  do  - 

Euyania 

do  - 

do  . 

....  do  . 


do 

do 

do 

Whito  Iiidia 

do 

do 

do 

do 

do    , 

do 

do 

Whito  Maiumotli 

do 

do • 

do 

do 

do 

do 

do    

Link's  II\l.)rid. .. 

do .: 

do 

do 

do 

do 

do 

do 

Honduras. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

: do 

! do 

! do 

! do 

I do 


Suci 

3 

1 

t^ 

0 

03 

c 

'- 

"^f  N 

6 

0 

a' 

10 

10.2 

'ji 

5.0 

10 

9.5 

4.9 

9 

13.3 

0.9 

<) 

IG.  3 

Jl.O 

0 

13.80 

10.3 

9 

12.50 

8.8 

9 

12.20 

6.9 

9 

12.-0 

8 

9 

10.20 

6.2 

9 

9.  10 

7.1 

H 

10.  to 

4.8 

H 

13.  1 1 

8.2 

8 

13.90 

8 

8 

14.8 

I0.6 

8 

12.7 

8.1 

8 

13.1 

7.9 

8 

10.1 

6.5 

8 



5.3 

7 

11.7 

6.0 

7 

11.71 

7.2  1 

7 

11.0 

7.8 

7 



11.0 

7 

14.3 

0.0 

7 

12.3 

9.5 

7 

10.9 

7.1 

7 

8.1 

4  9 

G 

9 

2.3 

6 

9.71 

4.8 

G 

14.  SO 

10.0 

6 

13.20 

9.0 

G 

14.70 

10.6 

(i 

14.  CO 

10.5 

n 

8.5 

5.2 

(j 

0.5 

5 

]  0.  9 

5.4  ' 

14,  s:! 

11.0  1 

f) 

14.00 

10.2 

,5 

13,  5' ) 

9.  5 

5 

ID. ;'.() 

6.0  1 

f) 

]:i.  U  • 

9.  20 

5 

]:; 

9.90 

5 

14.1 

10.  OU 

4 

6.5 

.4 

4 

7.01 

2.6 

4 

14.20 

9.6 

4 

10.5 

6.0 

4 

1 0.  2 

6.1 

4 

12.  2 

7.7 

4 

8.1 

5.7 

4 

10.5 

6.9 

3 

9.8 

4.8 

3 

9.1 

4.0 

3 

14.9 

9.0 

3 

14.5 

10.  1 

3 

13.7 

9.2 

3 

13.7 

10.5 

3 

12.2 

9,1 

3 

10.  r, 

6.7 

9 

7.0 

2.0 

0 

7.81 

3.4 

2 

9.70 

3.6 

2 

7.10 

3.4 

2 

7.70 

2.5 

2 

7.1 

2 

7.6 

5.0 

6.8 

1,0 

8.81 

4.4 

10.80 

6.2 

9.20 

5.8 

9.20 

4.0 

10.50 

6.6 

8.0 

5.4 

10 

6.0 

c3 
o     . 


8,81 

io.'so' 

8,92 
7.33 
8.16 
6.20 


6.67 


8.8 
10.74 
8.35 
8.00 
6,74 

7.  si 
'7.16' 

11.18 
9.31 
9.49 
7.21 

'3.95' 


10.80 

9.18 

10,88 

10.50 

5.  05 

'o.'o" 

li.  0 
9.  9 
7.01 
9.  18 
9.80 

"2.' 09 

"9.'7l 
6.40 
0.5t 
7.84 
5.06 


5,78 


9.53 

10.21 
9.  55 

10.50 
9.10 

'2.' 96 

'4.' 80 
3.52 
3.05 
7.12 
4.99 
1.81 


7,79 
5,83 
3.87 
0.82 
5.46 


1.47 
2.35 
4.25 
2,83 
1,68 
1.71 
2.94 
2.82 
2.68 
2.54 
2.68 
2.21 
1,83 
1,36 
1.37 
1,71 
2.15 
1.60 
2.43 
2.  21 
L77 
1.90 
1.71 
1.72 
1.92 

1.  95 
2.12 
2.31 
1.14 
1.43 
1,08 

,82 
1.47 

.54 
1.82 
1.70 
1.14 
1..59 
2, 30 

.72 
1.27 
1.25 
3,29 
3.00 
1.43 
2.30 
1.87 

.87 
2,00 
2.14 
1,59 
2.55 

2,  .34 
,74 

1.14 
.78 
1.00 
J.  48 
1.9 
3.00 
2,14 
2,76 
2,53 
1.94 
2,11 
3.40 
3,09 
1,83 
1,50 
3  14 
1,79 
1.74 
2.27 
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Analyses  of  varieties  of  sorghum  grown  al  Baton  Rouge,  La. 


Date  of 
analysis. 

Variety. 

Total 
solids. 

Sucrose, 
single 

poliiiiza- 
tiou. 

Glucose. 

Aug.      G 
Aug.      9 
Aug.    14 
Aug.    28 
Se])t.    11 
Ann.      6 
Aug.    14 
Aug.    28 
Sept.    11 
Aug.      0 
Aug.      9 
Aug.    14 
Aug.      6 
Aug.      9 
Aug.    14 

12.00 

9.00 

13. -10 

12. 10 

7.30 

11.20 

10.00 

12.  40 

7.8 

9.4 

lj.5 

10.5 

6.3 

8.4 

4.1 

do 

1.'').  9 
18. 1 
17.0 
14.7 

3.80 
1.12 
1.09 

1.82 

2.' 38 

2.07 
4.52 

do 

...do 

do 

Early  Oran<i^e  

,'do 

]5.9 
17.0 
11.9 

do         

do 

Tonic's  Hybiid 

do  .  ■- 

do 

1().  1 
16.4 

1.87 
3.00 

do 

do 

1.5.  8 
11.  G 

4.70 
5.47 

Analyses  of  variciies  grown  at  Norili  Louis'mna  Experiment  Station,  Calhoun,  La. 


Date 

of 

analy 

sis. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Variety. 


Early  Amber.. 
Eai'ly  Orauge.. 
'Sew  Orange... 
Link's  Hybrid 
White  India... 
Golden  Rod  . . . 


Suci'ose, 

single 
polariza- 
tion. 


11.4 
11.8 
10.5 
12.3 


10.6 


Glucose. 


1.27 
2.56 
2.20 
1.56 
.87 
1.36 


An  inspection  of  above  tables  will  show  that  Early  Amber  reached 
its  maximum  in  July,  say  one  hundred  days  after  planting.  Golden 
Kod  and  Honduras  never  reached  maturity,  the  storm  of  the  18th  pros- 
trating them  before  the  maximum  of  sugar  was  reached.  The  other 
varieties  attained  their  maximum  during  August. 

Could  these  experiments  have  been  worked  during  August,  it  is  be- 
lieved that  most  excellent  results  would  have  been  attained.  Up  to 
September  4,  just  as  suckers  began  to  appear  at  each  joint  on  the  pros- 
trate cane,  the  latter  had  lost  but  little  in  sucrose  since  the  storm  of  the 
19th.  After  the  suckers  began  to  grow  the  loss  was  rapid  and  heavy, 
as  is  shown  by  the  mill  juices  of  September  8  to  20. 

The  canes  at  Calhoun  were  not  injured,  the  storm  not  extending  as 
far  north  as  this  station.  They  have  therefore  preserved  their  sugar  up 
to  October  1  and  suffered  little  or  no  loss. 

EXPERIMENTS   IN  DIFFUSION. 

All  the  machinery  being  in  position  and  ready  for  use,  a  trial  run  was 
made  on  September  8,  using  the  Early  Orange  variety.  The  cutters  did 
their  work  wellj  so  did  the  diffusion  cells,  except  now  and  then  a  leak 
which  was  easily  closed.  The  larger  heater,  which  heated  the  juice  be- 
fore entering  the  cells,  was  out  of  order  und  could  not  be  used  either  in 
this  or  the  next  trial.  The  fan  which  had  been  furnished  as  adapted  to 
the  cleaning  of  sorghum  chips  failed  utterly  to  do  its  work.     The  shaker 
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wbich  was  geared  to  the  fan  ran  too  rapidly,  and  had  to  be  run  by  ah 
independent  pulley  at  a  slower  motion.  The  depth  of  the  shaker  was 
far  too  narrow,  so  much  so  that  the  chips  of  cane  thrown  violently  for- 
ward by  the  force  of  the  cut  were  often  propelled  beyond  the  shaker 
and  fell  into  the  trash.  In  this  way  a  large  amount  of  the  cane  in  this 
experiment  was  lost.  The  shaker  was  lengthened  and  many  other  im- 
provements made  until  good  work  was  accomplished.  On  account  of 
these  defects  only  1,152  pounds  of  sorghum,  with  tops  and  blades,  were 
used  and  only  two  cells  of  the  battery  were  filled.  The  following  are 
the  laboratory  analyses : 


Total 
solids. 

Sucrose. 

Glucose. 

Pvalio  of 

sucrose  to 

glucose. 

Mill  juice 

14.6 

10.2 

1.1 

.7 

1.05 

.1021 
.0638 

10.25 

9.11 
9.11 

Diffusion  iiaice : 

First  cell             

^o  sugar  or  sirup  made. 

Pending  the  making  of  the  necessary  improvements  to  the  fan  and 
shaker  the  cubical  contents  of  the  cells  were  carefully  calculated  in  the 
following  manner  :  The  cells  were  filled  with  water  and  then  the  water 
carefully  emptied  into  a  sugar  wagon  and  weighed,  allowing  G2J  pounds 
of  water  to  a  cubic  foot.  Each  cell  contained  13.52  cubic  feet.  A  cell 
packed  with  sorghum  chips  and  one  put  in  without  packing  were  also 
emptied  and  weighed.  Their  weights  were,  respectively,  353  pounds  and 
276  pounds,  making  26  pounds  and  20  pounds  per  cubic  foot. 

Without  entering  into  the  full  details  of  daily  work,  the  following, 
taken  from  our  large  amount  of  records,  will  suffice  to  illustrate  fully 
the  work  performed. 

Considering  the  very  low  character  of  the  sorghum  worked,  the  results 
obtained  are  quite  promising. 

Monday,  Se^ytemler  10, 1888. — Another  trial  of  the  machiuery  was  made  to-day  to  de- 
cide whether  the  imi)rovements  so  hastily  made  were  effective.  Honduras  sorghum 
was  used;  weight,  withtopsand.blad.es,  2,158  pounds.  Everything  worked,  fairly 
well.  It  was  found,  that  both  the  cutter  and  comminutor  were  projecting  the  chips 
in  every  direction,  thus  causing  great  waste.  A  stop  was  made  and  these  boxed  in. 
Four  cells  were,  however,  filled,  and  the  juices  from  these  concentrated  iu  the  double 
effect  and  left  in  the  latter  all  night.  The  next  morning,  to  our  surprise,  we  found 
that  one  of  the  tubes  of  the  double  effect  had  leaked  during  the  night  and  had  diluted 
the  sirup  almost  to  the  original  juice.  Accordingly  it  was  withdrawn  and  thrown 
away,  and  the  leaking  tube  plugged  up.     The  laboratory  results  are  given  : 


Sucrose. 

Glucose. 

Ratio  su- 
crose to 
glucose. 

Millc  iuice          .     ..   ..... 

4.3 

1.3 
1.3 
2.3 
1.4 

2.51 

.43 
.38 
.76 
.55 

58.3 

Diffusion  juice- 
First  cell          

Tliird  cell           

Fourth  cell" 



Wednesday,  Sejyiemher  12. — Having  repaired  the  defects,  work  was  begun  at  9.30 
o'clock  and  continued  until  nineteen  cells  had  been  filled.  Everything  worked  admi- 
rably except  the  heaters,  which  were  not  under  control,  and  hence  varying  tempera- 
tures used  in  dilt'nsing.  Weather  very  warm  and  much  suffering  experienced  by 
everybody  at  work,  particularly  by  the  men  at  the  diff users  and  clariCier. 

The  following  canes,  with  quantities,  were  used: 


Link's  HyLrid,  willi  tops  and  blades 

Kansas  Oraugo,  with  tops  and  blades. . 

Texas  Honey  Drip,  with  tops  and  blades 

Honduras 

Honey  Drip 

Golden  Kod 

New  Oranoe 

Kansas  Orange 

Early  Orange , 

Total 

Less    tops,   1,403   pounds  (     oc  /tr  ,^,,.  ^„„+ 
Less  trash,  ijlTQ  pounds  \  =-^-  ^^  P'^^  «<^"^ 

Clean  cane  diffused. 


Pounds. 

3,292 

<JOU 

1,214 

470 

828 

l,Oi)G 

1,072 

S29 

1,370 

9,071 

2,  582 

6,489 

The  chips  packed  in  very  tightly  failed  to  discharge  easily.  Drew  the  first  juice  off 
at  cell  No.  7,  and  continued  to  draw  until  twenty-five  discharges  had  been  made,  viz, 
Nos.  7,  8,  9,  10,  11,  12,  13, 14,  1,  2,  3,  4,  5,  8,  9,  10,  11,  12,  13,  14,  1,  2,  3,  4,  5. 

The  juice  from  No.  7  i)assed  over  seven  fresh  chips. 

The  juice  from  No.  8  passed  seven  2d  chips  and  one  fresh  chips. 

The  juice  from  No.  9  passed  over  seven  3d  chips,  one  2d  chips,  and  one  fresh 
chips. 

The  juice  from  No.  10  passed  over  seven  4th  chips,  one  3d  chips,  one  2d  chips,  and 
one  fresh  chips,  etc.,  until  the  14th.  cell  was  reached.  While  No.  14  was  being  filled 
No.  1  was  emptied.  Then  began  regular  diffusion.  The  20th  cell  was  partially  filled 
but  not  used,  and  No.  21  was  at  the  same  time  emptied.  Hence  the  absence  of  Nos.  6 
and  7  in  the  discharges  above. 

The  following  analyses  w^ere  made  : 


1.  Mill  juices  of  each  variety  used. 

2.  Difltusion  juices  from  each  cell. 

3.  Chips  as  they  were  emptied  from  each  cell. 

4.  Clarified  juice  fiom  each  clarifier. 

5.  Sirup. 

6.  Residuum  scums. 

7.  Sugar. 

8.  Molasses. 


The  following  are  the  results : 


Mill  juices. 


Variety. 

Total 
solids. 

Sucrose. 

Glucose. 

11.4 
11.0 

7.9 

8.] 

.99 
1.43 
2.17 
2.27 
2.  .38 
2.54 

1.  m 

1.95 
.54 

10.4  i             7.7 
10  0  !             HO 

Honduras       .  .. 

Golden  Rod 

9.5 
9.1 

4.9 
7.1 
5  3 
4  9 
G  5 

Kansas  Orange 

Early  Orange 

8.1 

Envama 

1 

56 


Diffusion  claps. 


1 

2 

3'!!!!"'"""!!!""'"!.! 

4 

5 

6  witli  twelve  ■svasliiri;ia 

7  with  eleven  -wasliiuiis 

8  with  t(  n  washinjiS  . . . 

9  with  uine  washings. . 


1.4 
.6 
.5 
,G 

.2 
.55 
.  75 
.85 
1.10 


10  with  eight  washiiiirs. 

11  with  seven  washiug.s. 

12  with  six  washings    .. 

13  with  five  washings... 

14  with  four  washings  .. 

15  with'tliroe  wa>hiugs. 

16  wilh  two  washings.   . 

17  witli  one  Wiishiiijr 


*  San)])]e  lost. 


Diffusion  juices. 


.8 
.7 
.  5 
.6 

1.2 
.7 

1.5 


Total 
solids. 

Sucrose. 

Gluco.se. 

Glucose 
ratio. 

6.4 
5.5 

4.1 

4.1 

5.9 

5.1 
5.6 
4.7 

4.2 
3.8 

3.0 

3.1 

3.8 
3.7 
3.9 
3.3 

1.11 
1.12 

.53 

1.19 

1.56 
1.40 
1.39 
1.56 

26.45 
26.45 

17.67 

38.39 

41.05 
37.  84 
35.64 
47.27 

Third fliscliaro'e    . ......  ? 

Fourtli  discharge... S 

Fifth  discharge. ? 

Sixth  discharge 3 

Seventh  discharce 

Eighth  discharge 

Ninth  discharge 

Tenth  and  subsequent  discharges 

Clarified  juices. 


1 

4.5 
4.9 
2.8 
2.2 

■3  4 
3.' 3 
2.2 
1.7 

1.06 
1.26 

31.18 
88.18 

3 

4 

.65 

38.23 

Sirup  : 

Total  solids 

Sucrose                ..... . 

32.  20 

17.  50 

7.35 

42.00 

Scums: 

Total  solids 

4.10 

1.90 

.83 

43.68 

Sucrose 

Glucose 

Glucose  ratio 

Sugar  : 

Sucrose  

Glucose 

91.2 

2.85 

Molasses  : 
Sucrose 

30  4 

Glucose  

14.1!8 

It  was  utterly  impossible,  from  tlie  varying  araouutsof  sucrose  in  the  canes  used,  to 
get  anything  like  unitbrni  results  either  on  the  juices  or  chips.  There  Avere  drawn 
four  clarifiers,  of  about  HOO  gallons  each.  The  last  two  were  veiy  dilute,  owing  to  the 
excess  of  water  used  in  washing  the  chips  after  cells  were  filled.  Tliis  juice  was 
heated  with  lime  and  brought  to  neutrality  ;  healed,  and  bhuiket,  which  was  quite 
insignificant,  removed.  It  was  then  settled  and  cle:tr  juice  run  into  the  double  elfect 
and  concentrated. 

There  was  a  large  ({uantity  of  settlings  and  some  scums,  which  were  weighed  and 
analyzed  and  thrown  away  to  avoid  interfering  with  the  well-clarified  sirup.  The 
following  are  weights  obtained  : 


Sirup 

Settlings  and  scums 


Pounds. 

1,  .562     Sugar  ... 
1,070     Molasses 


Pounds. 
49 
752 


hi 
The  followiDg  are  the  notes  of  difiiisioii : 

Every  effort  was  made  to  hold  the  tcniperature  at  200°  Falircnlieit,  but  until 
the  battery  had  been  used  in  one  entire  round  this  is  ahnost  impossible  to  do,  since 
sending  in  quickly  water  heated  to  200"^  Fahrenheit  into  cold  iron  cells  filled  vritli 
cold  chips  the  loss  of  heat  by  radiation  and  convection  is  very  great.  Six  min- 
utes were  allowed  for  the  diffusion  of  eacli  cell  after  the  hot  water  Avas  turned  on. 
Every  effort  to  grain  in  the  vacuum  pan  proved  abortive,  as  the  following  notes  of 
Mr.  Baldwin,  who  had  charge  of  the  pan  and  was  assisted  by  Mr.  Barthelemj',  will 
show : 

''Part  of  juice  concentrated  in  double  effect  on  first  watch,  remainder  on  sec- 
ond watch,  when  the  juice  got  very  hot,  180°,  and  was  emptied  in  cars  to  cool ; 
finished  concentrating  on  morning  of  13tli  at  a  temperature  of  155°  to  1G0°  Fahr- 
enheit. Juice  dark  colored  and  some  feculent  matter  present.  After  mixing  sir- 
ups started  vacuum  strike  pan  at  2  p.  m.  on  13th  ;  temperature,  138°  to  140° 
Fahrenheit ;  very  thick  ;  nothing  but  candy  would  form  in  the  pan.  Allowed  to 
stand  half  an  hour  until  candy  dissolved,  but  no  grain.  Stood  again  one  hour ;  at 
7  p.  m.  still  no  grain.  Cooked  very  thick  and  remained  in  pan  until  2  p.  m.  next 
day,  when  it  was  all  boiled  to  string  sugar  and  put  in  the  hot  room.  Injured  some 
by  being  cooked  to  candy. 

"  In  the  hot  room  it  began  at  once  to  grain,  until  the  wagon  was  quite  solid  with 

small  grains  of  sugar. 

It  was  centrifngaled  and  gave  the  following  results: 

Pounds, 

Susar 49 

Molasses .  752 

EECAriTULATIOK 


Sucrose. 

Sucrose. 

Cano  containptl    . 

Foxtnds 

349.  75 

273.  22 

20.33 

Chips  contained    .. 

Pounds. 

56  20 

34.58 

228. 61 

Sugiir  contained 

Molasses  contained            

Scums  contained.            .... 

Pouiid>'. 

Siijiar  obtained  per  ton  scrfthnni „ l".  5 

Molasses  obtained  per  ton  sorghum 237. 1 

After  the  analyses  of  the  mill  juices  were  known,  little  or  no  hope  was  entertained 
of  successful  sugar  results.  Indeed,  it  is  wonderful  with  such  juices  and  after  such 
treatment  that  any  sugar  should  be  obtained. 

Septcmher  17. — It  has  often  been  published  that  Jieither  sorghum  nor  its  juices  will 
stand  transportation  or  delay  in  w  orking  them  uji,  after  being  cut.  That  such  is  not 
the  case  with  us  is  abundantly  proved  by  the  following  and  many  other  experiments 
during  this  season  :  On  September  16  Mr,  Barrow,  assistant  at  the  State  experiment 
station,  w^as  sent  to  Baton  Rouge  to  harvest  and  ship  a  car-load  of  sorghum  from  that 
station  to  this.  By  9  a.  m.  on  the  morning  of  the  IGth  he  had  cut  and  loaded  a 
closed  car  with  Early  Orange  sorghum.  This  sorghum  was  quite  wet  from  dew  and  had 
its  leaves  and  tops  still  on— conditions  making  fermentation  quite  feasible  to  almost 
any  crop.  It  was  delivered  at  Kenner  by  Mississippi  Valley  Railroad  at  7  p.  m.  of 
same  day.  It  was  unloaded  and  delivered  at  sugar-house  at  12  m.  of  tlio  17th,  and 
worked  up  as  delivered.  The  cane  had  been  badly  blown  down  by  the  storm  of  the 
10th,  and  was  filled  witli  suckers  several  feet  long,  now  in  full  heads.  It  was  quite 
low  in  sugar,  as  the  following  analysis  of  selected  stalks,  made  on  September  11  j 
showed : 

Total  solids -. 11.9 

Suciose 7.H 

Glucose .• 4.52 
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Bet^an  diffusion  at  9  a.  m.  Filled  twenty-three  cells  with  chips  and  drew  off  thirty- 
one  cells  of  juice.  Finished  in  early  evening,  after  two  slight  detentions.  Cells  dif- 
fused sixteen  minutes  each,  except  three  times,  when  interrupted.  The  temperature 
varied  from  150*^  to  200^  F.  The  juice  was  boiled  to  a  sirup  in  double  effect  and  made 
into  string  sugar  in  the  vacuum  pan.  Boiled  all  night,  finishing  the  next  day.  The 
string  sugar  was  run  into  the  hot-room,  where  it  was  grained  into  almost  a  solid  mass. 
The  following  are  the  amounts  used  : 

TVeiglit  of  canes 13,  2G6 

Less  weight  of  tops , 2,445 

Less  -weight  of  leaves 1,  785 

Less  weight  of  trash  iu  yard 1,  558 

Less  weight  of  chips  not  used.... 82 

5,867 

Clean  cane  used 7,  399 

The  juices  from  this  were  concentrated  into  a  sirup,  giving  1,491  pounds;  scums 
thrown  away,  313  pounds;  juice  made  into  molasses,  259  pounds. 

The  following  are  the  laboratory  results: 

Pounds. 

Sugar  obtained 115 

Molasses  obtained 672 

Sugar  per  ton  of  sorghum 31.4 

Molasses  per  ton  of  sorghum 181.8 


RECAPITULATIOX. 

Cane  contained  (calculated) pounds  sucrose . 

Sirup  made  into  sugar  contained do 

Sirup  made  into  molasses  contained do 

Scnms  contained do 

Chips  contained do 

Fiber  in  cane per  cent. 


4.15 
328 
57 

32 
15.5 


Early  orange  sorghum. 


Total 
solids. 


Sucrose.    Glucose 


Glucose 
to  sucrose, 


Mill  juices. 


Diffusion  juices 


Diffusion  chips 


Clarified  juices 


Sirup  ... 
Scums  ... 

Sugar 

Molaspcs 


11.4 
11.3 
11.7 


7.0 

7.0 

6.9 

3.2 

3.95 

3.00 

3.90 

3  90 

4.10 

3.  .50 
3.70 

4.  ]0 
3.50 
3.60 
4.20 
3.90 
3.30 

.3 
.3 
.25 
.35 
.25 
.15 
.15 
3.6 
3.9 
3.1 
1.8 
1.3 
1.1 
22 
"4.2 
92.1 
34 


Per  cant. 

48 

51 

48 
.56 
.51 
.64 
.55 
.59 
.58 
.49 
.39 
.42 
.48 
.46 
.38 
.44 
.48 
.47 
.60 
.64 
.43 
.56 
.90 
.40 

51 

41 

51 

55 

43 

49 

50 

53 


59 


Here,  as  before,  the  dilution  was  groat,  owing  to  tlio  water  used  in  washing  tlic  cli'ips 
after  cells  were  filled.  This  cane  had  nearly  a  constant  composition,  and  from  glucose 
ratio  there  has  been  little  or  no  inversion  either  in  colls  or  in  concentration  of  sirup. 
In  fact,  when  water  at  '200°  F.  is  sent  into  cells  and  maintained  therefor  six  minutes 
at  this  temperature  little  or  no  inversion  took  place,  notwithstanding  the  weather 
gauge  showed  this  day  a  maximum  temperature  of  83°  F. 

Septemher  20. — The  following  canes  were  selected  for  this  run  :  Link's  hybrid, 
White  India,  White  mammoth,  and  the  second  planting  of  Early  Amber.  The  suck- 
ers, of  which  there  were  many,  were  removed  by  hand.    Filled  nine  colls.    Everything 

w^orked  well. 

Founds. 

Weight  of  cane  used 5,078 

Leas  weight  of  tops 812 

Less  weiglit  of  tiash 653 

Less  weight  of  suckers 208 

Less  weight  of  chips  not  used ". 74 

1.747 


Clean  cane  used 3,331 

Juice  neutralized  with  lime,  blanket  removed,  settled,  concentrated  in  double-effect 
and  grained  in  vacuum  pan ;  then  emptied  into  car  and  run  into  hot-room,  where  it 
solidified  into  crystals  of  sugar  of  small  size. 

Fou7ids. 


Pounds. 

"Weight  of  sirup 695 

Weight  of  scums,  etc 150 

Weight  of  sugar 40 


Weight  of  molasses 235 

Sugar,  per  ton 24 

Molasses,  per  ton 141 


The  following  are 

laboratcry  results : 

Variety. 

Mill  juices. 

Diflfusion  juices. 

Diifusion 
chips. 

S 

o 

03 

2 

o 

^ 

fr. 

^ 

0) 

% 

f.l 

0) 

0- 

o 

O 

o 

c 

c  h 

o 

o 

a 

w 

%^ 

cS 

u 

o 

^    H 

o 

S 

3 

zi 

H 

'Ji 

O 

5 

H 

CO 

C 

O 

m 

O 

Fr.  ct. 

Pr.  ct. 

Link's  hybrid 

10.6 

6.7 

1.48 

22 

4.8 

3.05 

1.13 

.37 

.20 

.10 

White  India 

14.1 

10.5 
10.7 

10.0 
0.9 
6.5 

1.25 
2.14 
1.92 

33 
29 

6.0 
6.0 
5.2 

3.50 
3.70 
3.20 

1.51 
1.51 
1.57 

.43 

.41 
.49 

.30 
.20 
.10 

.14 
.  13 

.12 

White  111  aiumotii       ... 

White  amber  (Nebraska)  .. 

White  amber    .  .. 

10.4 

5.4 

3.12 

57 

.5.6 

3.25 

1.61 

.49, 

.10 

.12 

Clarified  juice : 
Total  solids 


Sucrose , 
Glucose , 


2.1 

3.5 
1.4 
1.39 
.51 
39 
38 


Glucose  to  sucrose.. per  cent 

Sirups: 

Total  solids 32.94 

Sucrose 17.  5 

Glucose 7.  04 


Sirups — Continued : 

Glucose  to  sucrose.. ijer  cent 40 

Scums: 

Sucrose 1. 7 

Glucose 73 

Glucose  to  sucrose. per  cent 41 

Sugar: 

'  Sucrose 92.  2 

Glucose 2.  93 

Molasses: 

Sucrose 34 

Glucose 20 


RECAPITULATION". 


Sucrose  in  sirup 121.  62 

Sucrose  in  scums 2,  55 

Sucrose  in  chips 10.  56 


Sucrose  in  sugar  made 36.88 

Sucrose  in  molasses  made 79.  90 

Fiber  in  cane.. per  cent 15.04 


The  following  determinations  of  albuminoids  were  made 


Mill  juices: 

Link's  hybrid  . ., 430 

Kansas  orange 215 

New  orange 322 

Early  orange 425 

Earl V  orange,  Baton  Rouge 371 

"  Do 345 

Mill  juices  for  Sept.  30 307 


Diffusion  juices: 

Sept.   12 0531 

Sept.  17,  Baton  Rouge  cane 0748 

Sept.  20 1276 

Clarified  juices: 

Sept.  12.  first  clarifier 0319 

-  Sept.  12,  second  clarifier 0212 

Sept.  17,  Baton  Rouge  cane 0357 

Sept.  20 0843 


It  will  thus  be  seen  that  diffusion  juices  contain  much  less  albuminoids  than  mill 
juices. 


GO 


LATE   PLATs^TING   OF   SORGHUM. 

After  deciding  to  erect  a  diffusion  battery  to  work  up  sorgbum,  a 
late  planting  was  made  upon  land  from  wliicb  a  crop  of  oats  bad  been 
barvestcd.  Tbe  oats  were  barvested  May  15,  and  the  laud  broken  witb 
four  borse  plow  and  barrow.  Sorgbum  planted  May  23.  Tbe  continued 
rains  during  June  and  July  prevented  necessary  cultivation.  Tbe  storm 
of  August  19  prostrated  it,  and,  tbongb  far  from  being  ripe,  never  re- 
covered. Most  of  these  seed  were  received  from  Mr.  William  P.  Clem- 
ents, of  Sterling  Sugar  Works  in  Kansas,  and  were  mainly  hybrids  of 
difi'erent  varieties.  They  were  carefully  followed  during  maturity  witb 
analyses,  but  at  no  time  did  any  of  them  show  a  large  sugar  content. 

Tbe  following  table  will  show  analytical  results: 

Analyses  of  sorglium 2>huited  May  23. 


No. 

Variety. 

An 

ilyzed  October  8. 

Analyzed  September  15. 

Brix. 

Sucrose. 

Glucose. 

Brix. 

Sucrose. 

Glucose. 

1 
2 
3 
4 

5 
6 

7 
8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2'^ 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

flonduras,  grown  in  Louisiana 

White  Amber,  grown  in  Nebiaslsa 
Early  Amber  'Town  in  Kansas. . . . 

6.2 

1.1 

2.52 

7.4 
12.0 
9.3 

7.6 
9.3 
12.3 
li.3 

8.4 

.1 

7.7 

8.4 

6.7 
3.7 
4.3 
7.0 

1.2 

4.13 
2.09 
2.28 

2.36 
2.12 
3.45 
1.46 

2.4G 

Early  Amber,  from  Department  of 
Agriculture 

Golden  Eod,  from  Sterling,  Kans.. 
New  Orange,  from  Sterling,  Kans.. 
White  India,  from  Sterling,  Kans . . 
Early  Orange,  from  Department  of 
A  "ri  culture 

9.2 
11.0 

10.8 

10.3 

9.5 

7.0 
8.8 
11.8 
12.0 
9.1 
8.0 
8.4 
4.3 
8.6 
12  2 
9.1 
9.3 
10.4 
5.5 
8.9 
8.C 
8.1 
6.5 
10.9 
8.2 
10.6 
10.9 
10.6 

?.7 
4  7 
5.3 

5.5 

3.4 

2.3 
3.2 
6.3 
4.4 
1.6 
2.6 
3.0 
.3 
3.1 
7.0 
3.9 
4.7 
5.2 
1.9 
3.4 
4.1 
3.9 
2.6 
4.7 
2.5 
5.3 
5.  5 
5.2 

2.73 
3.57 
2.34 

2.28 

2.32 

2.13 
1.93 
2.45 
3.12 
2.  34 
2.80 
3.28 
1.44 
2.79 
1.44 
2.79 
2. .% 
2.50 
3.47 
2  17 
2.75 
2.64 
1.74 
1.67 
3.55 
2.  59 
3.75 
4.95 

Chinese  Sugar  Cano,  from  Depart- 
ment of  Agriculture 

Early  Orange,  from  Department  of 

7.4 
9.0 
7.2 

11.2 
5.8 

10.8 
9.9 
7.1 
6.6 
9.9 
9.3 
8.1 
7.2 
6.0 
9.3 
9.0 
6  9 
6.9 
8.9 
6.1 
9.2 

12.1 

10.9 
7.9 
9.4 
6.4 
9.7 
8.3 
7.9 
6.3 

2.2 
2.9 
4.1 
5.9 
1.2 
6.2 
4.1 
1.1 
2.2 
6.1 
6  4 
3.8 
2.9 
2.0 
4.5 
3.1 
1.1 
1.0 
3.0 

.8 
4.2 
7.2 
4.5 
3.0 
4.0 
1.6 
3.0 
1.7 
1.9 

.9 

3.12 
2.30 
3.03 
2.46 
2.20 
2.70 
2.59 
1.66 
1.76 
1.06 
2.74 
2.42 
2.  60 
1.70 
2.20 
3.57 
.91 
1.48 
2.64 
2.27 
3.07 
3.57 
2.94 
4.98 
3.18 
3.33 
•    4.42 
4.07 
4.34 
3.03 

Do 

Do 

Do  .        .                 

Do 

Do 

Do 

Do 

Do  .            .         . 

Do 

Do 

Do  ....   . 

Do 

Do 

Do      

Do 

Do 

Do      

Do 

Do                                ...          . 

Early  Goose  Neck,  Sterling,  Kans. 

Honduras,  from  Arizcna 

Pierces  Cross,  from  Steilinsj,  Kans. 

New  Sugar  Cane,  Sterling,  Kans. .. 

io.'i" 

'.'.'.'."2.1 
...... 

4.'42 

Liheriau,   Missouri 

Dibeiian  Texas 

The  following  are  tbe  descriptions  of  tbe  hybrid  varieties  gathered 
October  8 : 

No.  11.  Panicle,  black  exicrior,  dull  red  interior;  two  distinct  heads,  the  one  full, 
witb  black  seed  red  tipped,  the  other  few  seeded,  slightly  closed  heads,  probably  a 
cross  between  White  Mammoth  or  India  with  a  black-seeded  variety. 
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No.  12.  Largo  Leads,  black  aud  yellowish- white,  ihie  stalks,  green  plumes  with 
pinkish-white  seeds.  A  cross,  iirobahly,  between  White  India  and  au  unknown 
variety. 

No.  13.  Heads  largo,  one  sleek  black,  the  other  white  rod.  Probably  New  Orange 
and  a  black-seeded  variety  ;  stalks  medium. 

No.  14.  Only  one  kind;  black,  with  rod  openings,  full  seeded. 

No.  15.  One  black,  with  reddish  seeds;  the  other  black,  with  dull  white  seed;  Hon- 
duras aud  unknown  variety. 

No.  16.  One  black,  with  slightly  reddish  seed  ;  tl;c  other,  largo  whiteheads;  both 
full  seeds  ;  stalks  small. 

No.  17.  Black,  with  red  seed  in  one,  full  headed;  the  other  white  seeded,  few  and 
loose. 

No.  19.  Throe  varieties,  black,  white,  and  variegated;  heads  few  seeded;  stalks 
small. 

No.  20.  Black,  with  bright-rod  seed,  few;  stalks  small. 

No.  21.  Black,  with  yellow  opening;  two  varieties,  one  black  glumes  with  pinkish 
seeds,  full  headed  ;  other  ashy  glumes,  closed  heads,  with  few  seed. 

No. 22.  Black,  with  white  seed,  bent  neck;  the  other  dark,  with  pinkish  seed. 

No.  23.  Red,  with'  yellow  openings,  one  dark,  with  pinkish  seed;  the  other  dark, 
with  white  seeds,  pinkish  blush. 

No.  24.  Dark,  with  pale-yellow  openings.  One  full  headed,  black  glumes  with  pink- 
ish seeds;  the  other  dark  glumes,  closed  seed  in  au  indilforont  head. 

No.  25.  Dark;  large  white  opening.  One,  black  glumes  Avith  white  seed;  the 
other,  black  glume  with  pinkish  seed. 

Nos.  26,  27,  28,  and  29  are  crosses  of  Honduras  on  white  varieties,  with  large  pre- 
ponderance of  Honduras. 

No.  30.  Black,  with  red  openings.  One  black,  with  red  seed  ;  the  other  black,  with 
white  seed. 

October  9  apart  of  the  above  was  cut  and  dift'tisecl,  but  results  iu 
sugar  were  nil;  8,482  jjounds  of  sorgbuin  were  successfully  diffused,  leav- 
ing on  au  average  less  tban  .15  per  cent,  sucrose  in  cbips,  but  tbe  juice 
was  very  dilute  and  contained  a  greater  quantity  of  gUicose  tban  su 
crose.  After  concentration  to  masse  cuite  it  was  left  in  tbe  bot  room 
for  several  weeks,  witb  no  indication  of  grain. 

On  i^ovember  15  tbe  late  planting  of  Honduras,  Cbincse,  and  Golden 
Eod  were  gatbered  and  diffused.  The  yields  per  acre  were  as  bigb  for 
tbe  first  two  as  20  tons  per  acre ;  but  tbe  sugar  content  was  very  low. 

Tbe  following  are  tbe  analyses  : 


Mill  juices: 

Hoiidiuas 

("hinese 

Golden  Hod 

Mixed  diffusion  juice 
Sirup  from  above 


Brix. 

Sucrose. 

Glucose. 

.5.7 

.80 

].n 

8.  1 

2.  10 

2.23 

8.1 

l.CO 

2.59 

3.4 

.(JO 

1.25 

4.8 

5.31 

Here  tbe  process  of  clarifying  in  tbe  cell  by  tbe  use  of  lime  was  tried 
for  tbe  first  time  on  sorgbum.  A  mucb  larger  quantity  of  lime  was 
used  tban  was  required  for  cane.  Kesults  indicated  that  witb  an  abun- 
dance of  lime,  plenty  of  beat,  and  a  very  fine  chip  a  good  clarification 


I. 


62 

could  be  obtaiued  in  the  cell.     Further  trials,  however,  of  this  process 
on  sorghum  are  needed  to  decide  fully  upon  its  efficacy. 

Since  glucose  was  so  largely  in  excess  of  sucrose  no  attemi)t  was  made 
to  obtain  sugar.  The  sirup  was  coucenirated  into  molasses  and  sent  to 
the  molasses-tank. 

CONCLUSIONS. 

While  the  present  season  was  in  Louisiana  a  most  disastrous  one  for 
making  sugar  from  sorghum,  yet  the  su3cessful  application  of  diffusion 
in  the  extraction  of  the  juice  from  both  sorghum  and  sugar-cane  has 
been  abundantly  proven. 

From  sorghums  of  fair  quailit}',  such  as  were  raised  on  this  station  in 
1S8G  and  1887,  it  is  certain  that  a  large  quantity  of  sugar  could  be  ob- 
tained. From  Early  Orange  this  year  with  only  7  per  cent,  sucrose  and 
3.33  per  cent,  glucose  (glucose  ratio  nearly  50),  31.4  pounds  sugar  were 
obtained  to  ton  of  sorghum.  This  same  variety  showed  in  188G  a  sugar 
content  of  13  per  cent.,  with  a  low  glucose  ratio,  and  in  1887,  a  less  fa- 
vorable year,  sugar  content  of  10.5  per  cent,  and  only  13  as  the  glucose 
ratio.  Could  such  cane  have  been  diffused  this  year,  a  yield  of  fully  100 
to  125  pounds  per  ton  might  with  reason  have  been  expected. 

However,  the  station  will  repeat  again  the  experiments  next  year,  with 
more  promise  of  success. 


EXPERIMENTS  AT  CONWAY  SPRINGS,  KANSAS. 


REPORT  OF  E.  W.  DEMING. 

I  Lave  the  honor  to  present  my  report  as  superintendent  of  the  ex- 

periments  condiicted  at  this  place  the  past  season  by  your  Department 

in  the  manufacture  of  sugar  from  sorghum. 

The  experiments  were  conducted  in  connection  with  the  work  of  the 

Conway  Springs  Sugar  Company. 
This  company  was  incorporated  April  10, 1888,  under  the  laws  of  the 

State  of  Kansas,  with  an  authorized  capital  of  $100,000.     Its  officers 
are  G.  W.  Fahs,  president  j  E.  E.  Baird,  vice-president ;  G.  B.  Armstrong, 

treasurer;  E.  W.  Deming,  secretary  and  manager.  The  buildings  of 
this  company  are  constructed  of  wood.  Main  building  56  by  78;  foot 
plates  with  cupolas  for  strike  pan,  difi'usors,  double-efi'ects,  and  shred- 
ding room  ',  boiler  and  engine  house  05  by  70 feet;  cutting  and  cleaning 
house,  14  by  14;  tool-house,  10  by  18;  oil-house,  8  by  IG;  office  and  la- 
borator}',  16  by  30;  cane-shed,  10  by  150,  two  floors;  scale- house,  8  by  10; 
cooper  shop,  15  by  15. 

The  factory  was  equipped  with  two  tubular  boilers  of  150  horse-power 
each;  two  30-horse-power  high-speed  engines;  three  hanging  Hepworth 
centrifugals  with  mixer;  one  7-foot  vacuum  (dry)  pan  from  R.  Deeley 
&  Co.,  Xew  York.  Hot-room,  with  fifty  sugar- wagons;  Lillie  double- 
effect  from  George  M.  Newhall  &  Bro.,  Philadelphia  ;  diff'usion  battery 
from  Shickle,  Harrison  &  Howard  Iron  Company,  Saint  Louis;  three 
cutters,  with  necessary  clarifiers,  skimming-pans,  and  storage  tanks. 
One  dynamo  of  100-lamp  capacity  (incandescent)  provided  lights  for  the 
building. 

Two  sets  rolls  and  a  fire  drier  for  crushing  and  drying  exhausted 
cliips,  and  one  small  open  evaporator. 

The  diff'usion  battery  consists  of  sixteen  cells  each  8  feet  long  and 
35  inches  in  diameter,  wrought-iron  shell  with  similar  castings,  doors 
and  counter-weights  at  each  end,  provided  with  solid  rubber  gaskets 
that  gave  satisfaction  under  a  30-pound  per  inch  pressure.  One  heater 
for  each  cell,  made  of  6  inch  wrought  pipe  containing  11  1-inch  brass 
tubes  5  feet  long;  the  connecting  and  circulating  pipes  were  of  2J-inch 
wrought  iron.  The  battery  was  placed  in  two  lines  of  seven  cells  each 
with  one  across  each  end,  and  supported  on  wooden  posts,  beams,  and 
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cross-beams  8  feet  from  tlie  groiiiid  ;  eacli  cell  would  bold  1,400  poimds 
ofcbips.  Tbe  cost  of  tbis  battery  witb  pipe  and  fittings  was  $5,500  j 
its  work  was  in  every  way  satisfactory.  Tbe  exbausted  cbips  were  dis- 
cbarged  into  a  cbute  of  sloping  sides,  directing  tbem  into  a  drag  of 
peculiar  construction,  delivering  tbem  into  an  elevated  cbute  from 
wbence  a  cart  removed  tbem.     Tbis  apparatus  worked  well. 

Tbe  double-eflects  are  eacb  4  feet  in  diameter  and  18  feet  long  placed 
on  end;  eacb  bas  seventy  3-incb  brass  tubes  8  feet  long  placed  verti- 
cally; ends  of  tubes  properly  secured  in  plates,  steam  being  admitted 
to  tbe  cbamber  about  tbe  tubes.  Pumps  draw  tbe  liquor  from  bottoms 
of  pans,  discbarging  at  tbe  top,  passing  tbrougb  perforated  screens  to 
tbe  upper  plate  from  wbicb  it  overflows  a  tbin  film  of  juice  down  tbe 
inside  of  all  tubes  alike;  tbe  evaporation  occurs  iu  tbe  tubes;  a  vacuum 
is  maintained  tbrougbout  tlie  tubes  and  circulating  pipes.  Tbe  vapor 
was  removed  at  lower  end  of  tubes,  witb  suitable  circulating  pumps  and 
a  sligbt  cbange  in  tbe  tops  to  facilitate  cleaning;  tbey  will  not  only 
bave  large  capacity  but  unusual  merit  for  bandling  sorghum  juices. 
Tbese  pans  by  reason  of  mecbanical  defects  not  difficult  to  overcome 
and  tbe  rapid  formation  of  scale  upon  tbe  beating  surface,  extremely 
difficult  to  remove,  caused  some  considerable  delay  to  tbe  work. 

The  first  or  second  cutter,  Hughes's  style,  consisting  of  two  beavy 
balance  wheels  30  inches  in  diameter  placed  32  incbes  apart  on  a  3  inch 
shaft;  two  knives  placed  horizontally  connected  tbe  face  of  the  balance 
Avheels.  The  dead-knife  was  placed  8  inches  below  center  of  tbe  sbaft, 
thereby  making  a  bevel  cut  on  the  cane ;  space  between  end  of  drag 
and  dead-knife  23  inches;  tbis  permitted  the  seed  to  readily  escape  tbe 
knives  by  falling  into  a  drag.  Power  was  transmitted  b^'  a  belt,  the 
cutters  making  2C0  revolutions  per  minute,  cutting  into  1-iuch  sections 
a  bed  of  cane  30  inches  wide  and  G  inches  deep.  Tbis  cutter  proved  de- 
ficient in  both  strength  and  capacity  ;  one-third  of  tbe  delays  and  losses 
attending  the  work  are  traced  to  this  source.  Below  the  cutter  was  a 
single  fan  20  inches  in  diameter  and  30  inches  long,  having  a  motion  of 
000  revolations  per  minute.     Its  work  was  especially  fine. 

Tbe  two  shredders  were  each  20  inches  long  and  8  inches  in  diameter, 
provided  with  four  knives  held  in  place  by  a  peculiar  arrangement  at 
tbe  ends,  leaving  the  face  of  cylinder  free  of  openings.  Motion,  1,200 
revolutions  per  minute.     Doing  satisfactory  work. 

Tbree  clarifiers  of  Ko.  10  iron,  round,  5  feet  in  diameter  and  30  incbes 
deep  with  cone-shaped  bottoms;  2-incb  copper  coils  were  used.  Tbey 
lacked  scum  pockets;  otherwise  tbeir  work  was  satisfactory. 

Tbe  cane  shed  consisted  of  two  floors,  each  10  feet  wide  and  150  feet 
long,  separated  one  above  tbe  other  by  a  space  of  4  feet.  As  a  means 
of  storing  cane  this  apparatus  worked  well. 

An  open  pan,  iron,  of  two  channels  eacb  12  incbes  wide  and  12  inches 
deep  and  20  feet  long,  filled  with  tiiree  quarters  inch  copper  coil  was  at 
first  used  with  steam  as  a  skimming  pan  to  aid  clarification.     Later 
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steam  was  dispensed  with  and  the  pan  operated  as  a  continuous  flow 
settling  tank,  giving  better  satisfaction  and  snggestinga  possible  man- 
ner of  constructing  a  rapid  system  of  continuous  flow  settling  tanks. 
To  prepare  exhausted  chips  for  use  as  fuel  were  provided  two  sets  of 
heavy  iron  rollers,  each  set  composed  of  two  rollers  12  inches  in  diam- 
eter and  37  inches  long,  [)lacedone  above  the  other,  the  upper  one  having 
a  covering  of  flexible  rubber  1  inch  thick. 

One  fire  drier  consisting  of  a  sheet-iron  cylinder  12  feet  long  and  4 
feet  in  diameter  open  at  both  ends.  Tliree  sets  of  arms  connected  the 
shell  to  a  3inch  shaft  passing  through  the  center.  The  shaft  was  sup- 
ported by  suitable  boxes  ami  cross-pieces  beyond  the  end  of  the  cylin- 
der. The  whole  placed  in  biick-woik,  with  one  end  1  foot  higher  than 
the  other,  and  heated  with  direct  fire  underneath  the  lower  end.  Six 
narrow  shelves  upon  inside  of  cylinder  served  to  elevate  the  chips  to 
fall  through  an  air  space  as  the  cylinder  was  slowly  turned  by  means  of 
a  link  belt.  This  carried  the  chii)s  from  the  u^iper  to  lower  end  of 
cylinder  where  they  were  discharged. 

This  apparatus  was  operated  parts  of  two  days.  The  two  sets  of 
double  rolls  were  placed  about  3  feet  apart;  wire  netting  3G  inchc^s 
wide  of  No.  20  steel  wire,  8  mesh  ends,  lapped  and  wired  together,  passed 
between  the  rolls  of  both  sets,  returning  underneath  and  passing  around 
a  wooden  roll  underneath  the  discharge  of  the  drag  returning  the  chips 
from  underneath  the  battery.  This  netting  solved  the  question  of  feed- 
ing these  chips  to  rolls,  and  I  believe  would  work  equally  well  upon  iron 
rolls;  the  water  readily  escapes  through  the  netting. 

The  high  speed  at  which  this  wire  carrier  and  rolls  must  necessarily 
be  operated,  the  uneven  feed  from  chip  drag,  the  difliculty  in  distribut- 
ing the  chips  evenly  upon  the  netting,  the  failure  to  remove  more  than 
about  40  per  cent,  of  the  water,  and  the  inability  of  the  drier  through 
which  the  chips  afterwards  passed  to  more  than  warm  them  were  con- 
sidered sufficient  reason  for  their  speedy  removal.  There  is  a  possible 
hope  for  better  success  wi*";h  these  rolls  if  the  chips  are  taken  into  a 
large  chute  from  which  a  constant,  even,  well  distributed  feed  may  be 
furnished  them  ;  even  then  artificial  heat  would  be  required  to  remove 
an  additional  amount  of  moisture  before  good  combustion  is  obtained. 
The  pieces  of  rind  or  shell  cross  each  other,  forming  small  spaces  to  be 
filled  with  pith  and  moisture,  and  the  spongy  nature  of  this  pith 
makes  it  tenacious  of  water  during  the  process  of  rolling. 

The  chip  elevator  gave  some  trouble  when  permitted  to  get  out  of 
repair.  The  wagon,  turn-table,  cane  shed,  outside  drags,  engines, 
pumps,  dynamo,  and  strike  pan  gave  entire  satisfaction. 

The  centrifugals  did  excellent  work  even  upon  the  worst  melados. 
The  process  of  work  is  as  follows : 

The  cane  is  received  from  the  farmer  upon  specially  constructed 
racks.    The  wagon  is  driven  on  a  turn-table  by  which  it  was  squared 
about,  then  backed  a  few  feet  against  au  ordinary  wagon  scales  on 
1405G— Bull  20^ 5 
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wliicli  was  a  raised  platforai  3  feet  high;  au  iron  hook  was  secured  iu 
the  two  ropes  phiced  aroiiud  the  load  by  the  farmer;  a  friction  clutch 
at  the  opposite  eud  of  the  caue  shed,  nearly  200  feet  distant;  drew  the 
load  over  the  rear  eud  to  the  scales.  Here  it  was  weighed  net,  and  the 
farmer's  ropes  removed.  Au  endless  sling  was  theu  thrown  over  the 
cane,  the  same  i^ower  taking  it  into  one  of  the  floors  comprising  the 
cane  shed,  where  it  was  left  for  uight  run  or  taken  directly  through  to 
a  small  dowuward  incline,  where  two  meu  pulled  it  apart,  feeding  to 
three  chains  with  attachments  that  carried  it  1  foot  above  a  cross  drag 
leading  to  the  cutters.  The  feed  was  regulated  by  stopping  and  stait- 
ing  this  chain.  This  drag  leading  to  first  cutter  has  a  motion  of  40  feet 
per  minute,  carrying  the  cane  iu  bundles  a  few  inches  of  space  between 
the  tops  of  one  bundle  aud  the  tops  of  the  next;  this  permitted  seed  to 
drop  freely.  Seed  was  hauled  directly  to  the  field  and  left  in  small 
piles;  that  required  for  sugar  work  next  season  is  carefully  selected  by 
hand,  tied  up  into  bundles  of  18  tufts,  two  bundles  then  tied  together 
and  so  hung  up  iu  a  dry  place.  The  rest  is  stacked,  allowed  to  pass 
through  a  sweat,  and  thrashed  iu  February.  It  is  sold  in  large  quanti- 
ties at  good  prices  to  ranchmen,  who  sow  it  for  fodder  for  stock.  The 
inch  sections  of  cane  as  they  are  cut  fall  into  a  strong  blast  of  air  di- 
rectly underneath,  by  which  the  leaves  aud  sheaths  are  removed.  By 
means  of  a  link-belt  drag  the  cleaned  sections  are  conveyed  into  the 
main  building  to  an  elevator,  taking  them  above  the  roof,  where  they 
are  discharged  into  the  hopper  of  the  shredder  and  reduced  to  pulp, 
which  falls  into  a  carrier  j^assiug  over  the  diffusion  battery.  Openings 
in  bottom  of  this  carrier  permit  the  cane  chips  to  be  spouted  to  cells  on 
either  side. 

About  September  15  a  trial  ran  was  made  with  whiting  (carbonate  of 
lime)  by  placing  it  in  each  cell  of  chips,  its  object  being  to  prevent  in- 
version during  the  process  of  diffusion.  The  results  were  disappointing. 
At  the  instigation  of  Dr.  H.  W.  Wdey  an  apparatus  was  provided  for 
dusting  finely  powdered  air-slaked  lime  upon  the  chips  as  they  left  the 
shredder,  about  1  quart  being  required  for  each  1,100  pounds  of  chips. 
As  this  apparatus  was  uuder  nearly  perfect  control,  any  degree  of  acid- 
ity of  the  juice  desired  was  secured;  it  was  generally  carried  nearly  to 
the  neutral  point,  preventing  all  inversion,  which  the  whiting  failed 
to  do. 

Ordinary  clarifiers  of  450  gallons  capacity  were  used  and  the  acid  in 
juice  nearly  if  not  quite  neutralized.  If  the  juice  was  properly  limed  iu 
the  cell,  very  few  scums  were  found  in  the  clarifiers.  The  battery  was 
operated  at  a  temperature  of  180^  Fahienheit  in  center  and  cooler  at  each 
eud;  a  higher  temperature  would  have  greatly  assisted  classification. 

Double  effects  concentrated  the  clarified  juice  to  10^  Brix,  aud  the 
strike  pan  completed  the  work. 

Although  the  semi  sirup  contained  a  purity  often  above  70,  it  was 
difficult  and  generally  impossible  to  start  a  grain  in  the  i)an  ;  a  strike 
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tbiis  boiled  to  grain  produced  exceedingly  line  gniin,  difficult  to  purgo 
and  invariably  dark  in  color,  no  better  than  a  number  of  eaily  strdces 
boiled  to  string.  These  line,  gummy,  dark  sugars,  dissolved  in  clarified 
juices,  were  used  to  start  the  grain ;  an  amount  equal  in  weight  to  one- 
lil'tU  that  of  each  strike  produced  aline  sugar  of  medium  size  grain,  rc- 
nuirkable  for  its  uniformity  of  grain,  color,  and  puiity.  All  sugars  were 
takeu  to  the  mixer  and  passed  through  the  coutrifugals  as  speedily  as 
possible  to  remove  them  from  contact  with  the  black  molasses. 

The  entire  water  supply  was  obtained  from  a  bed  of  gypsum  G5  feet 
from  the  surface,  and  w^as  positively  unlit  for  use  in  eitlier  the  boilers 
or  the  diffusion  battery.  Tha  injurious  effects  of  this  water  were  ob- 
served early,  Dr.  Wiley  being  the  first  to  sus[)ect  the  true  cause.  By 
the  use  of  this  water  for  diffusion  there  is  a  loss  (estimated)  of  22J 
pounds  of  sugar  from  each  ton  of  cane  worked,  or  So  per  cent.  It  ruined 
the  molasses,  and  to  this  gypsum  is  attributed,  directly  or  indirectly, 
nearly  two-thirds  of  the  annoying  and  expensive  delays  and  losses  in- 
cident to  the  present  season's  work. 

Canes  of  unusual  richness  were  worked,  the  battery  secured  a  good 
extraction,  the  entire  evaporation  occurred  in  vacuum  with  but  slight 
inversion  of  sugar ;  but  large  yields  of  sugar  did  not  follow.  The  analy- 
ses of  molasses  from  the  sugars  explain  much,  many  of  them  showing 
the  relative  sugars  four  and  even  four  and  one-half  to  one,  yet  so  en- 
gulfed with  a  mass  of  gums  black  and  bitter  as  to  render  impracticable 
any  attempt  to  secure  second  sugars.  In  my  opinion,  the  estimated  loss 
of  sugar  due  to  the  use  of  this  water  should  be  doubled.  I  would  re- 
spectfully ask  critically  inclined  persons  to  keep  these  facts  in  mind 
when  reviewing  the  accompanying  tables,  which  contain,  notwithstand- 
ing, some  interesting  and  reliable  information. 

The  farmer  looks  upon  this  industry  as  one  created  for  his  especial 
benefit,  and  when  considered  from  his  stand-point  as  judged  by  its  agri- 
culture, can  see  only  magnificent  successes  for  all  sugar  w^ork.  An  aver- 
age crop  of  cane  as  grown  in  this  section  at  $2  per  ton  equals  in  value 
the  land  ui)on  which  it  is  grown.  No  crops  are  grown  with  more  cer- 
tainty; others,  corn  especially,  in  most  localities  of  this  section  are  not 
sure  every  season.  One  farmer  growing  30  acres  reports  an  average 
yield  of  13 J  tons  per  acre.  Some  small  pieces  produced  more,  the  aver- 
age being  lOJ  tons  per  acre.  Ten  thousand  acres  of  cane  at  $2  per  ton 
could  easily  be  contracted  for  delivery  next  season.  The  farmers  are 
not  slow  to  see  the  advantages  offered  in  growing  cane  at  these  prices. 

The  soil  of  this  section  can  be  called  neither  clay  nor  sand,  being  light, 
loose,  not  sticky,  light  in  color,  contains  little  organic  matter  and  pro- 
duces only  a  medium-sized  stalk  of  corn  or  cane. 

I  attribute  the  phenomenal  richness  of  canes  grown  here  the  past  sea- 
son to  warm  soil,  high  elevation — 1,500  feet  above  sealevel — pure,  dry 
atmosphere,  proper  selection  of  seed,  good  culture,  and  long  period  of 
hot,  dry  weather;  the  latter  acting  to  some  extent  as  an  unfavorable 
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conditioD  of  growth,  the  plaut  in  its  efforts  to  reproduce  itself  develop- 
ing- a  higher  content  of  sugar. 

Dark,  heavy  soils  produce  a  stalk  of  abnormal  size,  continuing  its 
growth  until  checked  by  frosts,  containing  invariably  a  large  per  cent, 
of  reducing  sugars. 

Light,  thin  soils  produce  an  undersized  stalk  perhaps  4  feet  long, 
maturing  but  a  handful  of  seed,  generally  showing  a  high  per  cent,  of 
sugar  and  often  a  very  low  per  cent,  of  reducing  sugars.  If  these  con- 
clusions are  correct,  the  elevated  tablelands  of  southwestern  Kansas, 
situated  directly  south  and  west  of  the  Arkansas  River  Valley,  will  offer 
inducements  for  the  prosecution  of  this  work  not  found  in  localities  north 
and  east  of  that  valley. 

A  remaikable  feature  of  this  season's  crop  was  its  high  average  con- 
tent of  sugar,  low  jier  cent,  of  reducing  sugars,  and  the  disposition  to 
increase  the  former  at  the  expense  of  the  latter  for  nearly  two  months 
after  (he  cane  had  matured  its  seed.  The  last  analysis  of  stalk  cane 
made  November  12,  from  field  cane  twice  frozen,  was  13.85  per  cent, 
sucrose,  1.01  per  cent,  glucose. 

I  believe  this  crop  of  cane  the  richest  by  far  of  any  ever  grown  and 
worked  for  sugar. 

But  one  trial  run  was  made,  worked  by  itself:  43  tons  of  cleaned  cane, 
from  which  were  obtained  3,850  pounds  of  sugar  of  98  per  cent,  purity 
and  1,000  gallons  of  molasses,  being  00 pounds  of  sugar  and  23.2  gallons 
of  molasses  from  each  ton.  The  laboratory  work  under  the  direction 
of  Dr.  H.  W.  Wiley,  in  charge  of  Prof.  E.  A.  Yon  Schweinitz,  assisted 
by  Mr.  Oma  Carr,  has  been  most  satisfactor3\  The  information  gained 
through  their  labors  will  prove  very  interesting  and  valuable  to  all 
friends  of  this  industry. 

I  am  well  satisfied  no  well-regulated  sugar  works  can  be  successfully 
operated  and  the  best  results  obtained  unless  a  comx)lete  chemical  con- 
trol of  the  every-day  work  prevails. 

Their  services  are  invaluable  as  a  check  upon  the  work  of  diffusion 
and  clarification.  A  change  from  hard  to  softer  cane  or  a  slight  altera- 
tion in  the  adjustment  of  the  shredder  may  result  in  great  loss  of  sugar 
in  the  former  ;  a  change  in  the  treatment  of  the  juice  results  in  loss  by 
inversion  in  the  latter.  The  cause  and  extent  in  each  case  are  dis- 
closed only  by  the  chemist's  art. 

An  expenditure  upon  this  plant  of  $2,000  or  $3,000  for  an  additional 
boiler  and  cutters  would  give  it  a  working  cnpacity  of  fully  150  tons  per 
day  with  a  full  equipment  of  new  and  modern  machinery.  This  plant 
could  now  be  duplicated  for  niuch  less  mone^^ 

To  the  unfriendly  critic  the  statements  herein  made  will  be  a  source 
of  comfort,  ibr,  alas,  nothing  succeeds  like  success;  results,  not  causes, 
are  wanted,  and  no  mitigating  circumstances  or  unfavorable  conditions 
are  considered.  Nevertheless  those  best  informed  see  much  that  is  very 
encouraging. 
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A  new  aud  desirable  system  of  storing  and  preparing  cane  for  diffu- 
sion was  tested,  its  advantages  proven,  and  its  weak  points  disclosed; 
this,  with  the  high  per  cent,  of  sugar  found  in  this  cane,  is  a  fair  offset 
for  losses  sustained  by  weak  cutters  and  the  use  of  gypsum  water. 

Tho following  facts  may  not  be  out  of  place:  This  enterprise  was  no 
exception  to  those  preceding  in  respect  to  starting  late  in  the  season, 
a(ter  the  crop  was  i)lanled,  as  it  were.  Less  than  three  months  inter- 
vened between  the  placing  of  orders  for  the  machinery  and  the  date  of 
ripening  of  the  first  planted  cane.  The  factory  was  two  weeks  late  in 
starting  and  the  other  end  of  the  season  shortened  by  burning  of  the 
boilers  November  4,  leaving  75  acres  of  most  excellent  cane  that  was 
rich  in  sugar. 

The  gypsum  had  a  most  disastrous  effect  upon  the  boilers  ;  frequent 
stoppages  of  work  were  required  to  clean  them.  By  reason  of  excessive 
scaling  of  boiler  shell  and  tubes  the  efficiency  of  the  boilers  was  greatly 
reduced. 

The  following  figures  relative  to  this  plant  were  taken  from  the  books 
of  the  company  and  are  reliable  : 

Cost  of  sugar-works  plant $44,547.72    $44,547.72 

Less  cost  of  water-works  i^lant 6,000.  00 

38, 547. 72 

Donation  city  water-works  bonds 12, 800.  00 

Received  from  U.  S.  Department  of  Agriculture 10,  000.  00 

Farmers'  stock,  for  cane,  paid  in   ■ 4,  500.  00 

27,  300.  GO 

Cost  to  present  owners 17, 247. 72 

Cost  of  labor 5,896.02 

Less  labor  on  water-works 1,  500.  00 

4,  3i)6.  02 

Cost  of  fuel 3,096.33 

Cost  of  cane 5,980.00 

Cost  of  incidentals,  barrels,  etc 1,364.  37 

14,  836.  72 

100,000  pounds  of  sugar  at  6^  cents $6, 500. 00 

100,000  pouuds  sugar,  2  cents  State  bounty 2,000.00 

36,000  gallons  of  molasses  at  12  cents 4, 320.  00 

6,000  busbels  seed,  50  cents  (estimated) 3,000.00 

15,820.00 

Gain 9^%^.  ^8 

Five  thousand  dollars  were  paid  to  railroads  for  freight  transportation. 
The  cost  for  coal  and  labor  to  handle  1  ton  of  cane  is  2.50  cents;  much 
coal  was  used  for  testing  machinery,  water- works,  etc.  Profit  per  ton 
over  cost  of  production,  33  cents.  Taking  the  season  as  a  whole  the 
plant  was  operated  at  less  thiin  half  its  capacity  witli  no  decrease 
in  cost  of  labor.     Fully  LjO  tons  could  have  been  worked  with  the  same 
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labor  aud  an  increase  of  20  per  cent,  of  fuel,  inaking  the  value  p^  ton 
of  cane  worked  over  cost  of  productiou  1.G2  cents,  or  $243  per  day. 

For  working  a  200- ton  plant,  costing  perhaps  20  per  cent,  additional 
above  this  one,  labor  and  incidentals  increased  10  per  cent,  and  fuel  25 
per  cent.,  would  show  value  of  product  over  cost  of  production  of  3. 00 
cents  per  ton,  or  8720  per  day.  These  yields  are  based  upon  results  of 
this  season's  work,  GO  ponnds  of  sugar  and  IGJ  gallons  of  molasses  from 
each  ton,  which  certainly  is  20  per  cent,  less  than  may  reasonably  be 
expected  by  the  nse  of  good  water. 

The  average  quality  of  sugar  as  placed  npon  the  market  from  these 
works  was  equal  to  the  best  in  purity,  but  stained  slightly  by  contact 
with  black  molasses.  It  has  a  hard,  firm,  medium  sized,  well-cut  grain, 
Was  dried  thoroughly,  and  unlike  all  fine  grained  sorghum  sugars  here- 
tofore produced  does  not  cake  or  become  hard  in  the  barrel.  It  stands 
next  to  granulated  in  price  and  sweetening  power,  the  jobber  selling  at 
GJ  cents  per  pound  more  of  this  sugar  than  all  yellow  sugars  combined. 
Confectioners  appreciate  its  sv>'eetening  power.  The  molasses  was  very 
dark  in  color,  sharp  and  bitter  to  the  taste,  classed  but  little  better 
than  black-strap;  with  pure  water  the  quality  would  be  improved  and 
the  selling  price  increased  to  18  or  20  cents  per  gallon. 

Unless  some  means  are  devised  for  removing  a  larger  per  cent,  of  the 
impurities  in  the  juice  or  a  less  quantity  of  sugar  is  secured,  enabling 
the  production  of  a  molasses  suitable  for  table  use,  the  near  future  will 
see  enormous  quantities  of  molasses  produced  fit  only  for  mixing  pur- 
poses, for  which  the  demand  is  necessarily  limited. 

A  plant  working  200  tons  per  day  will  produce  annually  250,000  gal- 
lons of  molasses,  and  nnlcFS  suitable  for  table  use  it  must  be  used  for 
fattening  hogs  and  cattle  or  converted  into  alcohol. 

The  Department  of  Agriculture,  under  the  direction  of  Dr.  H.  W. 
Wiley,  who  first  advocated  and  practically  applied  the  process  of  ditt'u- 
sion  to  the  manufacture  of  sugar  from  sorghum,  has  made  it  possible  to 
secure  practically  all  the  sugar  in  the  juice,  this  being  the  first  and 
greatest  step  toward  the  establishment  of  the  industry;  the  next  great- 
est and  scarcely  less  important  step  still  awaits  a  solution.  I  refer  ti» 
the  clarification  of  sorghum  juices.  The  methods  now  employed  for 
this  purpose  are  borrowed  from  the  sugar-cane  work  of  Louisiana,  being 
merely  the  addition  of  lime  and  removing  what  scums  ai>pear  on  the 
surface. 

Analysis  shows  the  amount  of  sugur  in  each  ton  of  cane,  averaging 
the  whole  season,  to  be  240  pounds  ;  ihe  glucose  would  hold  in  solution 
GG  pounds,  leaving  183  pounds  available,  did  not  other  solids,  as  gums, 
starch,  coloring  matter,  etc.,  also  restrain  j  times  their  equal  of  sugar 
from  graining  until  a  possible  yield  of  100  pounds  or  less  from  each  ton 
of  cane  is  our  best  work.  ]\Iust  we  stop  Irere  and  permit  the  loss  of 
one-half  or  more  of  the  sugar  found  in  the  cane?  The  task  is  not  an 
easy  one  as  the  many  know  who  have  considered  it  even  brietiy,  but  its 
importance  and  necessity  demand  that  we  sit  not  idly  by. 
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The  people  of  the  whole  southwestern  portion  of  this  State  to  my  per- 
sonal knowledge  are  entluisiastie  npon  the  question  of  sorghum  sugar; 
a  failure  any  season  to  grow  good  sorghum  is  not  recorded.  The  es- 
tablishing of  sugar  works  wouhl  bring  under  cullivatioii  lauds  now 
considered  of  little  value  except  for  growing  sorghum,  and  fortunately 
will  produce  a  sorghum  of  the  very  best  quality  for  producing  sugar. 

These  facts  are  fully  appreciated,  and  every  town,  many  without 
water,  and  others  without  railroads,  aspires  to  the  possession  of  a 
sugar  works. 

Dnily  during  the  working  season  committees,  delegations,  and  indi- 
viduals visited  the  sugar  works,  leaving  full  of  confidence  in  the  work* 

A  number  of  factories  could  be  erected  in  this  section  next  season  if 
experienced  men  could  be  found  to  operate  them. 


ABSTRACT  OF  MR.  DEMING'S  REPORT  TO  THE  CONWAY  SPRINGS 

SUGAR  COMPANY. 

To  President  and  Sioelholders  of  Conway  Springs  Sugar  Company : 

I  hereby  submit  for  your  cousiLleration  the  following  report  of  your  works  the  past 
season  : 

I  would  especially  call  yonr  attention  to  the  following  facts:  A  complete  organiza- 
tion was  not  effected  until  about  April  20.  Orders  for  machinery  were  placed  about 
June  1 ;  very  little  machinery  had  arrived  July  1 ;  all  the  heavy  machinery  was  on 
the  ground  July  25,  the  strike  pan  and  boilers  only  being  placed.  Boilers  were  lirst 
tired  August  15  ;  cane-shed  and  cutters  tested  August  22  ;  first  chips  taken  to  battery 
August  26.  On  this  latter  date  was  completed  drags  and  an  arrangement  for  drying 
chips  to  be  used  as  fuel.  The  two  following  days  they  were  tested,  and  removed 
during  the  next  two.  Eleven  cells  of  chips  were  diffused  August  28  and  29  and  con- 
centrated in  the  strike-pan.  Regular  work  began  September  1  on  early  cane,  pro- 
ducing only  molasses.     September  12  began  work  on  orange  cane  for  sugar. 

From  the  foregoing  you  will  observe  the  late  date  of  organization,  the  necessarily 
short  time  for  selecting  suitable  machinery,  and  also  for  its  manufacture.  From 
special  designs  most  of  it  was  manufactured  in  the  East  at  increased  cost.  This, 
in  connection  with  the  time  and  labor  required  for  placing  the  same  and  making  the 
necessary  pipe  connections  throughout  the  building  with  a  class  of  mechanics  and 
laborers  without  previous  experience  with  this  line  of  machinery,  accounts  for  start- 
ing the  factory  two  weeks  after  the  cane  was  read^". 

For  growing  cane  the  season  was  unfavorable.  Sod  cane  and  late  planting  were 
greatly  injured  by  the  drought. 

Fifty  farmers  contracted  to  grow  600  acres  of  cane.  One  hundred  and  five  acres 
of  old  ground  were  planted  with  amber  seed  represented  as  pure,  but  badly  mixed 
with  orange,  which  was  worked  green,  contained  no  sugar,  and  too  immature  to  produce 
good  molasses.  Fifty-four  acres  produced  8  tons  per  acre ;  51  acres  remain  unworked, 
of  no  value  except  as  fodder.  One  hundred  acres  of  sod  were  planted  to  orange;  50 
acres  produced  5  tons  per  acre;  the  other  50,  planted  late,  is  only  suitable  for  fodder. 
Three  hundred  and  ninetj^-fiv^e  acres  of  old  ground  were  planted  to  orange;  2^0  acre 
were  worked,  producing  10^  tons  per  acre  ;  175  acres  remain  unworked  ;  of  this,  100 
acres,  late  planting,  only  fit  for  fodder,  while  75  acres  of  most  excellent  cane  yet  re- 
main in  the  field. 

A  few  acres  of  Link's  Hybrid  vaiiety  of  cane  were  grown,  making  a  satisfactory 
growth,  but  inferior  to  the  Orange  both  in  sugar  content  and  power  of  retaining  its 
sugar  after  the  seed  had  matured. 
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A  slight  frost  occurred  October  25,  and  a  heavier  one  November  4,  doing  no  damage. 
A  freeze  occurred  November  9,  and  again  on  tlie  lltb. 

The  unfortunate  burning  of  the  boilers  November  4,  when  machinery  was  working 
well,  with  cane  in  its  best  condition,  and  the  prospect  good  for  working  the  whole 
crop,  is  indeed  to  be  regretted. 

The  farmers  are  to  be  congratulated  on  their  readiness  to  grow  cane,  disposition  to 
aid  the  enterprise  by  taking  stock,  paying  therefor  in  cane,  and  their  success  in  pro- 
ducing a  crop  of  cane  never  before  equaled  in  its  sugar-making  iDropertics. 

A  very  remarkable  fact  developed  by  the  factory  w^ork  was  the  canes'  unusually 
high  content  of  sugar  and  its  disposition  to  not  only  maintain  but  increase  its  sugar 
content,  at  the  same  time  decreasing  its  invert  sugar.  The  fact  that  this  cane  had 
matured  its  seed  nearly  two  mouths  previous,  some  having  been  frozen  and  thawed 
twice  by  November  12,  date  of  last  analysis,  indicates  that  this  section,  by  its  high 
elevation,  dry  atmosphere,  absence  of  early  frosts,  and  peculiar  soil,  has,  so  far  as  my 
knowledge  extends,  advantages  not  possessed  by  other  localities. 

The  last  analysis  of  field  cane  was  made  November  12,  13,85  sucrose  and  1,01  glu- 
cose. August  15  cane  was  in  condition  for  making  sugar,  and  remained  so  until 
November  15,  providing  a  three  months'  working  season,  nearly  one  month  longer 
than  at  Fort  Scott.  Sixty-three  analyses  of  cane  chips,  fully  representative  of  the 
crop  and  the  season,  averaged  12.45  per  cent,  of  sucrose  (true  sugar),  and  2.37  per 
cent,  of  glucose  (reducing  sugars.)  The  average  of  fifty- three  analyses  taken  at  Fort 
Scott  last  season  was 9.54  sucrose,  and  3.40  glucose.  Admitting  these  juices  contained 
no  other  solids  not  sugar,  except  the  glucose  (which  is  not  true),  yet  granting  an 
equal  per  cent.,  the  cane  grown  here  has  182.8  pounds  available  sugar  per  ton,  against 
95. G  pounds  at  Fort  Scott. 

As  further  evidence  of  the  phenomenal  con'jitions  prevailing  here  I  would  call  your 
attention  to  the  averages  of  analyses  from  which  the  above  was  taken  : 


No. 

Dates, 

Sucrose. 

Glucose, 

24 
35 

4 

~63 

11.15 
13.  23 
13.45 

2.92 
2.07 
1.G9 

Aualyses  October  2  to  30 

Total 

12.  45 

2.  37 

Note  the  increase  of  sucrose  and  the  corresponding  decrease  of  glucose.  Such  rela- 
tions of  the  two  sugars  in  sorghum,  existing  for  a  period  of  two  months,  are  without 
precedent  in  the  whole  history  of  the  industry,  and  suggest  that  possibly  the  area  over 
which  this  business  may  be  conducted  with  the  greatest  success  is  not  limitless,  as 
some  suppose. 

The  cane  worked  produced  about  6,000  bushels  of  seed  ;  2,163  tons  of  cleaned  cane 
were  worked  for  molasses,  producing  36,000  gallons,  or  16.6  gallons  per  ton,  in  addi- 
tion to  the  sugar  ;  1,673  tons  of  cleaned  cane  were  worked  for  ^ugar,  producing  100,000 
pounds,  or  60  pounds  per  ton  ;  240  tons  were  lost — in  the  fans,  3  ;  not  drawn  from  bat- 
tery, 117  ;  soured  in  battery,  20  ;  soured  semi-sirnp,  40  ;  left  as  semi-sirup  when  work 
ended,  60. 

A  supply  of  water  sufficient  for  the  water-works  also  was  obtained  at  considerable 
cost. 

The  well  furnishing  the  supply  being  15  inches  in  diameter  and  50  feet  deep  through 
a  substance  known  as  keel,  an  8-inch  drill-hole  was  carried  15  feet  below  ;  into  this 
was  placed  a  5-inch  suction-i)ipe. 

The  maximum  supply  of  water  was  equal  to  the  discharge,  under  slight  pressure,  of 
a  3iuch  pipe,  inadequate  for  factory  work  ;  500  feet  distant  was  formed  a  pond  from 
which  a  3-inch  discharge  pump  supi)lied  the  boilers,  diffusion  battery,  and  double 
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effects;  two  days' time  wen?  lost  in  making  this   cliango,  but  an  adequate  supply 
of  water  was  obtained. 

I  bave  endeavored  to  pro])are  a  statement  wliereby  tlie  expenses  incurred  in  opera- 
tion could  be  sbown  and  tbe  real  profit  or  loss  upon  tliis  season's  work  clearly  sbowu. 
Mucb  labor  belonging-  to  plant  account  bas  been  cbarged  to  operation.  A  complete 
separation  of  tlio  water- works  and  sugar  company's  interests  in  this  respect  is  impos- 
sible. Quite  a  quantity  of  fuel  is  on  band,  some  work  yet  remains  to  be  done,  and 
fnrtber,  very  much  of  the  product  remains  on  band  unsold.  Therefore,  any  state- 
ment now  offered  will  in  great  part  be  assumetl.  However,  with  figures  now  at  hand, 
and  estimating  value  of  products  from  prices  already  obtained,  I  nuiy  confidently  as- 
sert that  the  product  of  this  season's  work  considerably  more  than  equals  in  value 
the  cost  of  its  production.  This  is  a  very  creditable  showing  indeed,  especially  when 
we  consider  that  from  one  cause  or  another  the  factory,  taking  tbe  season  as  a  whole, 
averaged  less  than  half  its  capacity  without  a  corresponding  reduction  in  tbe  operat- 
ing expenses. 

MR.  DEMING'S  DIRECTIONS  FOR  RAISING  CANE. 

Mucb  depends  on  a  good  stand  from  tbe  first  phinting.  No  filling-in  will  be  al- 
lowed. If  necessary  to  replant  any  portion,  it  must  be  replowed,  cultivated,  or  listed 
over. 

The  field  should  first  be  cleared  of  all  trash,  such  as  stalks,  weeds,  and  bunches  of 
grass.  This  is  best  done  by  raking  and  burning.  Unless  a  lister  is  used  a  good  seed 
bed,  such  as  for  wheat,  should  be  jjrovided,  and  the  seed  deposited  in  fresh,  moist 
earth,  deep  enough  to  insure  moisture,  yet  not  beyond  the  sun's  warmtb.  This  varies 
from  one-half  inch  in  depth  on  heavy  clay  soils  to  3  or  more  inches  on  light,  loose, 
sandy  soil. 

It  is  essential  that  tbe  seed  be  planted  at  an  even,  uniform  depth  to  insure  its  com- 
ing up  and  ripening  early,  and  the  seed  must  under  no  circumstances  be  dropped  or 
covered  by  hand.  For  loose  sandy  soils  a  lister  is  a  good  planter.  A  good  garden 
drill  may  answer,  and  under  some  circumstances  a  forced  wheat  drill,  having  all  the 
holes  except  the  two  next  tbe  outside  ones  closed;  but  for  a  prepared  seed  bed  a  reg- 
ular two-horse  corn  planter,  with  or  without  a  drill  attachment,  gives  tbe  best  re- 
sults, planting  at  a  uniform  depth,  and  tbe  wheel  firming  the  soil  about  tbe  seed, 
causing  it  to  germinate  and  grow  more  rapidly,  with  a  better  start  of  the  weeds. 

Unless  tbe  planter  bas  broom-corn  plates,  which  are  the  best,  tbe  holes  in  the  corn 
plates  should  be  partially  closed,  with  lead,  babbitt,  cork,  or  leather,  until  they  ad- 
mit of  the  passage  of  not  more  than  four  or  five  seeds  at  each  movement  of  the  plate. 
A  slight  excess  of  seed  should  be  planted,  and  the  hoe  used  to  properly  clean  it 
out.  This  should  be  done  invariably  before  the  cane  is  4  inches  high.  Good  soils 
will  produce  a  stalk  of  cane  for  each  4  inches  of  row  space.  When  the  rows  are  42 
inches  apart,  two  stalks  should  be  allowed  a  space  of  10  inches,  three  stalks  18  inches, 
four  stalks  30  inches,  sis  stalks  42  inches,  and  never  more  than  six  stalks  in  any  one 
bunch,  no  matter  how  spaced. 

Foul  land  is  easiest  tended  when  planted  in  checks,  and  all  lands  so  planted  pro- 
duced more  sugar,  but  a  smaller  tonnage,  than  when  planted  in  drills.  The  cultiva- 
tion should  be  merely  upon  the  surface  to  avoid  cutting  and  otherwise  disturbing  the 
roofs,  checking  their  growth,  and  inducing  a  growth  of  suckers  to  sap  the  parent 
stalks  and  retard  their  development. 

All  that  is  required  is  to  keep  the  grass  and  weeds  in  check,  and  all  cultivation 
should  cease  when  the  joints  appear,  as  any  interference  with  the  roots  at  this  time 
results  most  seriously.  One  well-matured  stalk  will  grow  on  the  space  occupied 
by  two  small  ones,  is  as  heavy  as  six  small  ones,  and  contains  more  juice  sugar  and 
less  impurities  in  proportion  to  its  weight.  The  seed  and  leaves  are  less  than  25 
percent,  of  total  weight  of  the  large  stalks,  while  with  small  canes  the  loss  from 
this  source  may  reach  fully  50  per  ceut. 
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To  plant  cane  upon  uev:  gronud  the  turned  sod  slionld  be  quite  thin,  but  evenly 
and  smoothly  lairl.  The  seed  should  be  planted  with  a  two-horse  corn-planter,  pro- 
vided with  a  rolling  coulter  to  cut  and  not  displace  the  sod,  depositing  the  seed  just 
underneath  the  subsoil.  The  soTl  acts  as  an  excellent  mulch  to  retain  moisture  and 
preven  j  the  growth  of  grass  and  weeds,  no  cultivation  or  further  attention  except 
thinning  being  necessary  until  harvest  time. 

A  good  practice  for  planting  cane  upon  old  ground  is  to  plow  the  land  at  any  time 
during  early  spring,  but  do  not  harrow.  At  planting  time  take  a  two-horse  cultivator, 
place  three  small  shovels  upon  each  beam^  spread  and  fasten  the  beams  so  that  the 
shovels  will  work  up  a  space  for  two  rows  each  4  inches  deep  and  12  inches  wide. 
Let  the  planter  follow  soon,  depositing  the  seed  in  the  center  of  this  worked-over 
space.  There  -will  be  no  weeds  or  grass  for  6  inches  upon  either  side  of  the  plants, 
and  the  cultivator  will  care  for  the  space  between  the  rows.  Cane  deteriorates  very 
rapidly  when  cut,  lying  on.  the  ground  in  bunches,  exposed  to  the  sun  and  drying 
winds,  a  few  days  of  such  exposure  changing  the  sugar  into  glucose. 

Cane  should  be  delivered  the  same  day  as  cut,  the  only  exception  to  this  rule  being 
to  cut  and  load  on  the  wagon  the  evening  before  what  can  be  delivcreil  early  the  next 
morning. 

Next  to  the  importance  of  properly  thinning  the  canes  the  necessity  of  having  well- 
maturcd,  freshly  cut,  promptly  delivered  cane  is  the  most  important  point  connected 
with  tlie  agriculture  of  this  business. 

Instructions  for  converting  an  ordinary  hay-rack  into  a  cane-rack  will  be  furnished 
by  the  cane  agent.  Each  wagon  must  be  provided  with  two  ropes,  each  three-fourths 
of  an  inch  in  diameter  and  35  feet  long,  by  which  the  cane  is  unloaded.  The  cane 
must  bo  loaded  so  the  tops  project  over  the  right  side  of  the  rack,  facing  the  team. 

REPORT  OF  E.  A.  v.  SCHWEINITZ. 

The  clianicter  of  the  growing  season  of  18SS,  for  sorglmni,  in  the 
vicinit}^  of  Conway  Springs,  record  of  wliicli  was  kept  b^'  Mr.  .J.  M. 
Wilson,  the  cane-grower,  was  the  following: 

From  April  IG  to  21,  when  the  first  planting  was  made,  the  ground 
was  still  cold,  but  otherwise  in  good  condition.  April  21  to  25  the 
Aveather  was  cool  and  cloudy,  followed  by  heavy  rains  on  the  20111  and 
27th,  and  by  heavy  frost  on  April  30,  which  froze  the  ground  one-half 
inch. 

The  beginning  of  May  was  clear  and  cool,  with  rain  on  the  Gth,  fol- 
lowed by  clear  and  warmer  weather  np  to  the  IGth,  with  rain  on  the  17th, 
waruicr  weather  until  the  2J:tli,  when  there  was  again  a  heavy  rain. 
The  month  of  June  was  warm,  with  good  rains  upon  the  Stli^  21st,  and 
2Gth. 

July  and  August  were  exceedingly  hot  months,  with  scorching  wiinls, 
but  with  a  good  rain  on  July  14,  and  light  rain  on  August  5  and  (J. 

September  and  October  were  hot  and  dry,  with  no  rain  until  October 
21.  The  first  heavy  frost  occurred  November  4,  but  did  not  damage 
the  cane.  The  first  freeze  was  on  November  9.  Already  on  October 
25  there  was  light  frost,  but  not  sufficient  to  kill  the  leaves,  and  by  No- 
vember 2  they  were  thoronghly  dry  and  dead. 

Work  stopped  on  November  4,  mid  November  8  there  was  a  heavy 
snow  storm  and  blizzard.  The  last  cane  was  nnalyz^'d  a  week  after  the 
factory  sto[)p('d,  bii'  ai)i)eaied  as  good  as  at  any  limi'during  the  season 
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and  (lid  not  at  that  date  show  an>' effects  of  the  tliaw  following  the 
freeze.     This  was  due,  probably,  to  the  fact  that  tlie  cane  was  very  dry. 

The  elevation  ot'Conway  Springs  is  about  1,500  feet  above  (he  sea- 
level.  The  soil  upon  which  the  sorghum  was  planted  is  an  uj-land  sandy 
loam.  About  one-fonrth  of  the  crop  was  npon  sod  hind  and  the  rest  on 
old  plowed  land. 

The  subsoil  is  derived  from  the  decomposition  of  fiiabk^.  red  shale, 
which  contains  a  fairly  large  percentage  of  pliosplioric  acid  wilii  but 
little  potash. 

The  first  planting  was  Early  Amber  seed,  sup[)osed  to  be  i)nre,  and 
the  later  planting  of  Orange,  Sterling  Orange,  and  on  May  10  about  10 
acres  of  Link's  Hybrid. 

The  seed  was  put  in  either  with  a  planter  or  strewn  on  top  and  har- 
rowed. The  average  depth  of  planting  was  2  inches.  It  was  found 
necessary  early  in  May  to  replant  some  of  the  Amber  which  had  been 
covered  to  a  depth  of  4  inches.  Owing  to  the  late  date  at  which  the 
building  was  begun  and  the  machinery  ordered,  the  factory  was  not 
ready  for  work  until  September  1.  The  first  cane  was  cut  August  24, 
and  regular  work  begun  September  0. 

The  seed  planted  for  pure  hand  picked  Early  Amber  proved  to  have 
been  a  mixture  of  Amber  and  Sterling  Orange.  In  consequence,  when 
the  Amber  was  readj;  to  be  cut  and  worked,  the  Orange  mixed  with  it 
was  still  green,  showing  a  low  content  of  sucrose.  After  a  few  days' 
work  it  was  decided  to  have  the  farmers  pick  out  the  best  of  the  Early 
Amber  in  the  field  and  condemn  the  remainder.  As  fully  one  half  of 
the  crop  of  the  suj^posed  Early  Amber  proved  to  be  this  Sterling 
Orange,  the  first  work  of  the  season  was  of  but  little  value,  and  no  at- 
tempt was  made  to  obtain  sugar,  all  of  the  cane  being  worked  for 
molasses. 

September  4  the  first  Early  Orange  cane  was  cut.  At  that  time,  al- 
though the  seed  was  hard  and  ripe,  the  content  of  sugar  in  the  cane 
was  not  nearly  as  high  as  the  same  variety  of  cane  showed  later  in  the 
season. 

The  Sterling  Orange  was  at  its  best  about  October  1,  and  the  Link's 
Uybiid  at  the  time  it  was  worked,  November  1. 

The  results  of  analyses  of  whole  canes  are  recorded  in  Table  Xo.  1. 
The  canes  were  topped  and  stripped,  and  the  juice  expressed  by  means 
of  a  small  hand  mill.  The  average  amount  of  sucrose  in  the  juice  was 
about  2.09  per  cent,  higher  than  the  average  of  any  crop  heretofore 
worked.  The  highest  percentage  was  found  in  sample  No.  102,  taken 
from  a  load  of  Sterling  Orange.  The  lowest  percentage  of  sucrose  was 
noted  in  two  sam})les  of  mixed  Auiber  and  unripe  Orange,  on  September 
4  and  September  10.  The  best  samples  taken  during  the  working 
season  were  Nos.  27  Amber,  332  Orange,  and  374  Link's  Hybrid.  The 
Amber  cane  after  being  cut,  if  left  lying  for  any  lengtli  of  time,  deteri- 
orated rapidl^^  as  shown  by  the  analysis  of  No.  20. 
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The  percentage  of  moisture  iu  the  cane  during  the  month  of  October 
decreased  rapidly,  and  the  same  quantity  by  weight  of  cane  yiekled  only 
about  one-half  the  weight  of  juice  given  earlier  in  the  season.  The  dry- 
ness of  the  cane  was  also  noted  by  the  farmers,  as  their  loads  lost  several 
hundred  pounds  as  compared  with  the  same  sized  load  during  the  first 
part  of  the  work.  It  may  also  be  noted  that  the  cane  was  very  pithy. 
On  an  average,  one  out  of  every  five  stalks  contained  little  or  no  juice 
and  a  large  amount  of  fiber.  The  cane  cut  during  October,  a  great 
quantity  of  which  was  left  lying  from  two  to  three  days  at  a  time,  on 
account  of  delays  in  working,  did  not  deteriorate  to  any  great  extent. 
The  dryness  of  the  cane  again  probably  explains  this. 

After  the  factory  stopped,  a  number  of  samples  of  cane  was  taken 
for  the  purpose  of  determining  the  condition  of  the  still  outstanding 
crop. 

Samples  Nos.  3S2  and  38S  gave  the  highest  result  of  the  season.  An- 
other sample,  l^o.  383,  from  a  field  which  the  cane  grower  claimed  was 
the  poorest  out,  showed  a  high  percentage.  Ko.  378  was  from  a  field 
of  second  growth,  from  stubble.  On  yovember  4  some  25  tons  of  cane 
were  left  on  the  rack.  One  lot  was  selected  and  analyzed,  some  of  it 
put  into  a  silo.  A  sample  of  the  remainder,  tested  four  da\  s  later, 
showed  that  there  had  been  no  deterioration  in  the  cane,  as  can  be  seen 
from  analyses  Xos.  38G  and  391.  This  cane  had  been  exposed  to  heavy 
frost,  snow,  and  thaw. 

Cane  taken  from  the  field  on  November  7,  and  again  from  the  same 
field  Xovember  12,  showed  but  little  deterioration. 

The  average  percentage  of  sucrose  in  the  mill  juices  from  the  fresh 
chips  is  .3  per  cent,  higher  than  that  recorded  in  the  average  of  the 
whole  canes.  This  is  explained  by  noting  several  very  low  i^ercentages 
of  sucrose  in  some  of  the  samples  of  whole  cane,  without  a  correspond- 
ing low  percentage  in  the  chips. 

Here  it  may  be  noted  that  in  taking  samples  of  fresh  and  exhausted 
chips,  as  also  of  difi'usion  and  clarified  juices,  care  was  taken  to  secure 
comparative  samples.  The  battery  consisted  of  sixteen  cells,  but  onl,y 
twelve  of  these  were  in  the  circuit  at  one  time.  The  fresh  chips  were 
taken  from  these  twelve  cells  and  the  exhausted  chips  from  the  same. 
The  juices  were  sampled  as  they  ran  into  the  defecators,  care  being 
taken  to  secure  those  corresponding  to  the  fresh  chips.  TLie  samples  of 
semi  sirup  were  taken  as  a  rule  once  every  twelve  hours,  and  correspond 
approximately  to  the  juices  analyzed.  For  the  most  part  two  sets  of 
samples  were  taken,  one  in  the  morning  and  tbe  other  in  the  afternoon. 

The  lowest  sucrose  and  highest  glucose  were  recorded  at  the  begin- 
ning of  the  season.  The  highest  sucrose  of  the  season  was  noted  on 
October  15,  and  lowest  glucose  on  October  26, 

The  average  percentage  of  sucrose  for  October  was  13.22  and  glucose 
2.07.  From  September  20  to  the  end  of  the  season  the  mill  juices  ap- 
l)eared  to  be  unusually  rich.     The  average  for  October  was  .8  per  cent. 
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higher  than  the  average  for  the  entire  season.  This  is  2.88  per  cent, 
higher  than  the  average  at  Fort  Scott  in  1887.  As  noted  in  connection 
with  the  whole  canes,  the  dryness  may  partly  exphiin  this,  but  the  lo- 
cation and  soil  of  Conway  Springs  seem  to  be  especially  adapted  to  the 
growth  of  sorghum.  It  is  I'urther  south  than  any  other  point  in  Kan- 
sas, where  sorgbum  has  been  grown  and  the  season  appears  to  be  longer 
and  better  than  in  eastern  Kansas. 

The  mean  of  sucrose  in  difl'usion  juices  is  higher  than  the  mean  at 
Fort  Scott  in  1887,  but  considerably  lower  than  would  be  expected  from 
the  analyses  of  the  chip  juices.  The  diti'erence  may  be  accounted  for 
either  by  the  dryness  and  pithiness  of  the  canes,  as  just  mentioned,  or 
by  inversion  m  the  battery.  In  order  to  prevent  inversion,  if  any,  car- 
bonate of  lime  was  used  in  the  battery  for  a  time.  Although  the  acid 
was  neutralized  to  about  the  same  extent  as  at  Fort  Scott,  apparently 
inversion  was  not  prevented.  The  results  of  the  analyses  are  given  in 
Tables  12,  13,  and  14.  In  place  of  carbouate  of  lime  a  number  of  ex- 
periments were  made  with  caustic  lime.  The  lime  was  distributed  upon 
the  chips  as  they  passed  from  the  macerator  to  the  battery,  by  means  of 
a  roll,  about  IJ  pounds  of  lime  being  added  to  each  eel). 

The  object  was  to  add  just  so  much  lime  to  the  chips  that  100  c.  c.  of 
the  juice  when  in  the  clarihers  would  require  about  5  c.  c.  of  ^"  alkali 
to  neutralize  it.  To  attain  this  exact  point  was  difficult  and  the  tables 
in  which  results  of  the  work  are  given  show  all  j)ossible  variations. 
The  lime  as  sprinkled  on  the  chips  also  neutralized  the  acid  in  the  mill 
juice,  as  may  be  seen  from  the  table. 


Glucose. 

Sucrose. 

Ill  the  mill  juices  treated  with  lime 
the  proportions  "wero 

1 
1 

1 
I 

G.  6 
5.0 

4,9 
3.3 

In  diflusiou  juices: 

In  tlifiusion  juices     .   .. 

If  we  note  samples  183  and  184  on  October  5,  there  appears  to  have 
been  no  inversion  whatever.  On  several  other  days  the  ai)parent  in- 
version was  but  slight.  It  may  be  mentioned  further  that  on  those 
days  on  which  little  or  no  inversion  was  noted,  the  percentage  of 
glucose  In  the  mill  juice  was  high,  and  the  amount  of  juice  given  by 
the  cane  as  taken  from  records  of  weight  of  juice  was  above  the  aver- 
age for  the  season.  The  average  number  of  cubic  centimeters  "^  alkali 
required  to  neutralize  the  acid  in  the  juices  was  40.0. 

Solids  ill  mill  juice 19.39 

Solids  in  diffusion  jaico 12.  99 

19.39:12.99::  40.G  :  x. 

Normal  acidity  of  the  diffusion  juice '. 27.  2 

That  is  considerably  higher  than  the  acidity  of  juices  found  at  Fort 
Scott,  average  of  which  was  19.98. 
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The  highest  per  cent,  of  sucrose  for  the  season  in  the  diffusion  juice 
was  noted  September  29,  10.02  per  cent.,  being  2.30  percent,  above  tlie 
average.  The  corresponding  mill  juice  for  the  same  date  was  14.92  i)er 
cent,  sucrose,  2.5  above  the  average,  showing  that  fair  comparative 
samples  had  been  secured. 

The  average  during  October  was  8.59  per  cent,  sucrose,  1.71  per  cent, 
glucose,  better  than  the  results  obtained  at  Lawrence,  La.,  bearing  in 
mind  the  fact  that  the  sugar  cane  has  less  glucose.  The  purity  of  the 
diffusion  juices  was  lower  than  that  of  the  mill  juices  from  the  chips. 
This  is  due  probably  to  inversion  in  the  battery. 

The  column  headed  ^'  extraction*'  in  table  12  is  given  for  the  purpose 
of  noting  to  what  extent,  if  any,  the  extraction  was  diminished  by  the 
use  of  lime  in  the  battery.  If  we  compare  the  several  instances  of  es- 
pecially low  extraction,  Xos.  21G,  291,  and  3G1,  with  the  corresponding 
acidity-,  we  will  note  that  either  lime  was  in  excess  or  the  percentage  of 
sucrose  for  the  day  was  high,  without  a  corresponding  change  having 
been  made  in  working  the  battery,  and  in  the  amount  drawn  otf.  Octo- 
ber 15j 

In  mill  juice  there  were 8.4  parts  glucose  to  100  xiarts  sucrose 

In  diffusion  juice  there  were 16.5  x>arts  glucose  to  100  i)arts  sucrose 

October  5  and  25,  with  acidity  9.  the  proportions  in  the  two  juices  cor- 
responded closely. 

The  table  shows,  then,  that  the  lime,  unless  in  excess,  did  not  inter- 
fere with  the  extraction. 

Eecord  was  kept  during  the  entire  season  of  the  amounts  of  sucrose 
and  glucose  left  in  the  chips.  The'highest  percentage  of  sucrose  in  the 
mill  juices  from  these  was  noted  at  the  end  of  the  season,  ]S"ovember  2, 
being  2.91  per  cent.  The  average  extraction  for  the  entire  season  was 
88.72  per  cent,  of  the  sugar  in  the  cane.  This  is  a  poor  extraction,  being 
fully 4.1  percent,  lower  than  the  extraction  at  Fort  Scott  in  1SS7.  The 
average  dilution  for  the  season  was  ]  1.55  per  cent.  From  the  first  of  the 
season  to  October  15,  160  gallons  were  drawn  off  each  time.  From  that 
date  till  the  close  of  the  season  ISO  gallons.  Each  cell  held  1,100  pounds 
chips.  Deducting  10  per  cent,  for  fiber,  we  have  1,260  pounds  j'.iice  in 
each  cell. 

Average  weight  of  juice  drawn  from  first  of  season  to  October  15 pounds..  1,349 

From  then  till  close  of  seasou '. do l,5i:j 

Mean  Brix  from  September  (i  to  October  15: 

lu  mill  j  uices 18.  93 

In  diffusion  juices 13.  05 

October  15  to  Xovembcr  2 : 

Mill  juices 20.10 

Diffusion  juices 12.  55 

Dilution  from  September  C  to  October  15 pi- r  cent . .  G.  50 

Dilution  from  October  15  to  close  of  season do 10.  GO 

The  poor  extraction  was  due  partly  to  the  large  clii[)s  furnished  by 
the  small  cutters  during  a  portion  of  the  season,  to  the  irregularity  in 
working,  but  chiefly  to  the  small  quantity  of  juice  drawn  off'3  all  points 
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wLicb  iiiiglit  liave  been  luorc  caiol'iilly  noted  and  tlie  loss  avoided.  As 
the  dilution,  if  moderate,  is  of  small  imi)ortance,  the  object  should  be  to 
get  all  or  as  nearly  all  as  possible  of  the  sugar  from  the  cane. 

The  purity  of  the  defecated  juices,  Table  IV,  is  1.5  points  higher  than 
the  dittiusion  juices,  due  to  a  little  destruction  of  glucose  in  the  claii- 
fiers.  The  table  shows  in  addition  that  there  was  no  iuversioii  in  tiie 
clarifiers.  The  scum  from  the  defecators  was,  as  is  usual,  about  as 
rich  in  sugar  as  the  juices  themselves.  These  scums  were  thrown  into 
the  ditch,  thus  entailing  a  loss  of  sugar  which  could  and  should  have 
been  avoided  by  returning  them  to  the  battery. 

For  the  purpose  of  comparing  the  readings  of  the  Brix  spiudle  with 
the  actual  total  solids  obtained  by  dryiug  and  weighing,  a  nuuiber  of 
determinations  were  made. 

Rectangular  flat  iilatinum  dishes  three  eighths  inch  in  depth  were 
used  and  the  samples  dried  for  five  hours  at  100°  C.  The  sam[)les  were 
weighed  from  a  tared  flask,  about  2  grams  being  taken  in  each  iustance. 
Duplicates  were  always  made.  The  use  of  asbestus  as  an  absorbent 
agent  in  drying  was  also  tested.  A  thin  layer  of  loose  asbestus  was 
placed  in  the  bottom  of  the  dish,  and  the  sample  dried  at  and  for  the 
same  length  of  time  as  those  samples  where  the  dish  alone  was  used. 

The  average  of  these  results  iu  the  case  of  mill  juices  gives  the 
solids  1.4G  x^er  cent,  less,  and  with  asbestus  as  l.GG  per  cent,  less,  than 
the  average  of  the  spindle  readings.  These  results  are  fully  1  per  cent, 
lower  than  those  recorded  by  Dr.  Crampton  at  Fort  Scott  in  1887,  but 
agree  closely  with  results  obtained  at  Douglas,  Kans.,  and  at  the  De- 
partment this  year.  Iu  the  case  of  the  diftusion  juices,  the  dish  alone 
gave  1.25  percent,  solids  less,  and  dish  with  asbestus  1.40  per  cent,  less, 
than  the  direct  readings  of  the  spindle.  Correcting  the  percentage  of 
sugar  on  this  basis,  in  the  mill  juices  it  would  be  .11  per  cent,  higher, 
and  in  the  diffusion  juices  .05  per  cent.  The  purity  is  also  largely  in- 
creased by  calculating  on  the  weight  of  actual  solids. 

It  may  again  be  remarked  here,  as  was  stated  in  1887,  the  use  of  the 
Brix  spindles  standardized  for  i)ure  solutions  of  sugar  give  misleading- 
results,  and  the  solids  as  determined  by  direct  drying  should  be  relied 
on.  As  might  be  expected,  the  samples  where  asbestus  was  used  gave 
results  slightly  lower  than  those  without,  and  it  may  be  stated  further 
that  the  duplicates  with  asbestus  agreed  more  closely.  The  asbestus 
furnishes  a  larger  drying  surface,  and  less  moisture  is  retained  tlian  is 
the  case  with  a  thick  film  of  the  sirup.  The  asbestus  should,  then,  be 
preferred  to  the  plain  dish. 

The  average  ratio  of  glucose  to  sucrose  in  the  seini-sirui)s  is  sU^Utly 
higher  than  that  in  the  defecated  juices: 


Oluco.se. 

Sucrose. 

Semi-sirups 1 

Defecated  juices :               1 

3.86 
3.08 
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This  difference  is  due  either  to  error  of  expcriuieiit  or  to  the  eqiial- 
iziug  effect  of  large  quantities  of  juice  or  to  a  slii^iit  inversion  in  the 
double-effect  vacuum  }>an. 

It  is  interesting- to  note  this,  as  it  is  the  first  time  that  the  Lillie  patent 
has  ever  been  used  as  a  double  effect.  It  is  true,  tlie  pan  gave  a  great 
deal  of  trouble  and  caused  a  great  deal  of  delay  during  the  working 
season.  This  was  due,  tiist.  to  the  fact  that  the  pumps  put  in  to  keej) 
up  the  circulation  of  the  juice,  viz,  rotary  pumps,  were  not  suited  to  the 
work,  and  secondly  and  chiefly,  because  the  effect  had  been  hurriedly 
and  carelessly  put  up  by  inexperienced  workmen.  At  the  close  of  the 
season  centrifugal  })umps  were  substituted  for  therotaries  and  the  pan 
thoroughly  overhauled  by  an  engineer  from  Philadelphia,  and  it  then 
gave  satisfaction.  The  inside  of  the  juice-tubes  became  rapidly  coated 
with  a  hard  scale,  whieh  necessitated  their  being  cleaned  every  four  or 
tive  days.  This  scale  was  due  principally  to  the  mineral  water,  whieh 
will  be  referred  to  in  another  connection. 

The  first  sugar  jnade  was  grained  in  the  wagons.  The  grain  was 
small,  and  as  it  had  been  allowed  to  stand  for  a  considerable  length  of 
time  and  become  cold,  it  was  difficult  to  free  it  in  the  centrifugals  from 
the  gummy  matters.  Table  Xo.  7  gives  the  polarization  of  this  prod- 
uct. All  of  it  was  reboiled  and  used  for  enriching  the  semi-sirups, 
hence  the  high  purity  and  increased  percentage  of  sucrose  in  the  masse 
cuites  and  molasses  over  ami  above  the  semi-sirups.  The  samples  of 
the  masse  cuites  were  taken  from  the  mixer,  and  the  samples  of  molasses 
taken  from  time  to  time  from  the  storage  tanks  and  barrels  give  the 
average  composition  of  this  product  for  the  season.  The  purity  of  the 
molasses  from  the  enriched  sirups  is  higher  than  the  purity  of  the  semi- 
sirups  at  Fort  Scott  in  18S7.  but  as  the  molasses  could  be  disposed  of, 
it  Wiis  consider!,  d  more  profitable  to  sell  it  than  to  work  it  for  seconds. 

The  water  from  the  well  proved  upon  examination  to  be  highly 
charged  with  mineral  matter,  containing  318  grains  to  the  gallon.  This 
was  chiefly  gypsum.,  together  with  some  little  magnesium  sulphate  and 
sodium  chloride.  A  10  per  cent,  solution  of  sugar  prepared  with  this 
water  and  evaporated  to  a  thiek  sirup  showed  no  more  inversion  than 
a  solution  of  the  same  strength  made  up  with  distilled  water  and  evapo- 
rated. The  addition  of  acetate  of  lime  to  the  solution  had  no  inverting 
action. 

The  water  gave  particular  trouble  in  the  boilers,  forming  rapidly  a 
heavy  scale.  The  want  of  proper  cleaning  in  the  early  part  of  the  sea- 
son caused  burning  of  the  boilers  on  November -1  and  stopped  the  work. 
The  latter  part  of  the  season  the  vapor  water  was  run  into  a  ]»ond  and 
used  for  diffusion  purposes.  This  water  was  strongly  acid,  due  to  the 
decomposition  of  organic  matter,  and  not  much  of  an  improvement  on 
the  well  water.  On  account  of  the  foaming  it  was  difficult  also  to  nse 
it  in  the  boilers. 

In  the  few  samples  of  masse-cuite  not  enriched   the  proportion  of 
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sucrose  to  glucose  was  about  the  same  as  iu  the  semi-sirups,  sliowiug 
that  there  was  uot  auy  iuversiou  in  the  strike-pau. 

The  perceutage  of  asli  found  iu  the  masse  cuite  is  1.5  per  cent,  and 
in  the  mohisscs  1  per  cent,  higher  than  the  average  found  at  Fort 
Scott  in  18S7.  This  we  may  fairly  attribute  to  the  large  amount  of 
gyi)sum  in  the  water.  After  pond  water  was  substituted  for  the  well 
water,  except  on  one  or  two  days  ^heii  lime  in  the  battery  was  in 
excess,  the  coi responding  percentage  of  ash  was  diminished. 

The  indirect  readings  of  sucrose  are  either  lower  or  correspond  closely 
with  the  direct  readings.  This  points  to  a  large  amount  of  starch  in 
the  juices,  which  will  further  explain  the  high  readings  in  the  mill 
juices  and  apparent  inversion  in  the  battery.  The  solids  not  sugar  aie 
also  higher  than  heretofore  noted  j  also  to  be  attributed  to  starchy  and 
gummy  matter. 

The  proportion  of  glucose  to  sucrose  in  the  molasses  is  about  1 :  3. 
This  high  ratio  is  doubtless  due  to  mineral  and  organic  matters  (not 
sugar)  present,  which,  ^vhile  not  causing  inversion,  prevent  crystalliza- 
tion. Further,  the  sugar-boiler  was  troubled  with  gummy  matter  in 
the  strike-pan,  and  the  masse  cuite  was  very  gummy  in  the  centrifugals. 
On  several  occasions  quite  a  quantity  of  white  gummy  matter  was  taken 
out  by  the  proof- stick.  This  fully  explains  why  such  a  large  proportion 
of  sucrose  was  left  in  the  molasses.  The  analysis  of  sample  122  shows 
proportion  of  glucose  to  sucrose  1 :  1.6.  This  sample  was  from  the  first 
lot  of  mixed  cane  worked,  which  contained  but  little  sucrose. 

The  percentage  of  albuminoids  in  the  juices  from  fresh  chips  is  high. 
The  per  cent,  iu  diifusion  juice  is  .25  lower,  and  in  clarified  juices  .01 
less  than  in  diffusion,  showing  that  the  defecation  had  removed  a  com- 
paratively small  proportion  of  the  albuminoids. 

The  figures  show  further  that  the  cane  contained  an  unusually  large 
amount  of  fiber  and  organic  matter  not  sugars,  which  went  into  the 
diffusion  juice.  This  further  accounts  for  the  large  amount  of  gummy 
matter  in  the  strike  pan,  and,  together  with  the  large  amount  of  mineral 
matter,  explains  the  low  yield  of  sugar  from  the  rich  cane. 

The  color  of  the  sugars  was  a  grayish  yellow,  and  rated  on  the  mar- 
ket as  a  little  better  than  C  brown.    The  grain  was  large  and  firm. 

The  mean  polarization  of  raw  gummy  sugars  was  82.52,  and  of  first 
sugars  96.80. 

The  following  is  the  record  of  the  number  of  tons  of  cane  worked, 
sugar  and  molasses  made  : 

Total  number  of  tons  of  cane  passed  over  the  scales 2,  991 

Of  this  430.5  tons  wxre  Early  Amber,  mixed  with  unripe  Sterling 
Orange. 

Two  thousand  five  hundred  and  sixty  and  five-tenths  tons  were  chiefly 
Orange,  with  a  small  quantity  of  Link's  Hybrid.  The  estimated  average 
tonnage  per  acre  is  10;  the  highest  tonnage,  13.5  per  acre.  Twenty- 
five  tons  were  left  on  the  cane  rack  when  work  stoj)ped,  so  that  the  act- 
1405G— Bull.  20 6 
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ual  mimber  of  tous  of  cane  worked  was  'Jfiijij,  and  tons  worked  for 
sugar  2,535.5.  Tons  of  cane  for  molasses  onl^^  430.5.  Deducting  25  i)er 
cent,  for  leaves  and  seed,  we  have  2,225  tons  of  cleaned  cane. 

Total  u Limber  of  cells  filled  from  September  12  to  close 2,730 

Number  of  pounds  of  chips  iu  each  cell 1,400 

Total  number  of  pounds  of  chips  in  cells  (1,860  tons) 3,722,  000 

Number  of  tons  of  cleaned  cane  from  September  12  to  close 1,901 

Making  a  difference  of  41  tons  unaccounted  for,  some  of  which  was 
thrown  out  by  the  fan  and  from  the  drag.  The  remainder  can  be  at- 
tributed to  lost  records,  which  were  missing  for  several  days'  work. 

Yield  of  sugar.  . 

Total  number  of  pounds  of  sugar 100,500 

Gallons  of  molasses 30,  000 

There  was  left  on  hand  at  close  of  season  one  tankful  of  semi  siruj), 
equal  to  600  gallons  of  molasses.  This  makes  average  yield  of  sugar 
per  ton  of  field  cane,  estimated  on  the  cane  actually  worked  for  sugar, 
39.2  pounds,  and  on  cleaned  cane  52.8  pounds.  The  quantity  of  molas- 
ses made  per  ton  of  cleaned  cane  was  14  gallons,  or,  estimating  the 
sugar  on  total  number  of  tons  of  cane  cut  during  the  season,  we  have 

45.1  i)ounds  per  ton  of  cleaned  cane.  Two  trial  runs  were  made  during 
the  season.  The  first  46.9  tons  gave  3,986.5  pounds  sugar  and  9,580 
gallons  molasses,  equal  to  85  pounds  sugar  and  20  gallons  molasses  per 
ton.  The  second  trial  run  gave  90  pounds  sugar  and  16  grdlons  of 
molasses  per  ton  on  a  run  of  60  tons. 

During  the  season  there  were  lost  by  carelessness  4,800  gallons  of 
semi-sirup  and  7,200  gallons  of  juice,  corresponding  to  about  100  tons 
of  cane.  The  battery  soured  twice  and  was  drawn  off  twenty-eight 
times,  causing  a  loss  of  192  cells  of  chips  of  1,400  pounds  each,  equal  to 
134  tons  of  cane.  Deducting,  then,  234  tons  from  the  number  of  tons 
worked  for  sugar,  we  have  1,667  tons  of  cleaned  cane,  with  an  average  of 

60.2  i)Ounds  sugar  per  ton. 

From  each  ton  it  was  estimated  that  2  bushels  of  seed  and  200  pounds 
of  leaves  were  obtained.  The  seed  was  carefully  hand-picked  and 
thrashed,  so  that  this  product  will  prove  very  valuable. 

The  total  number  of  days'  actual  work,  counting  each  day  at  twenty- 
two  hours,  was  thirty.  By  that  we  mean  that  the  number  of  hours 
during  which  the  cutter  actually  worked  would  be  equal  to  thirty  days 
of  twenty-two  hours  each.  If  a  factory  is  substantially  built,  the 
machinery  strong  and  every  bolt  in  its  place,  there  is  no  reason  wliy 
there  shoidd  not  be  a  steady  yearly  run  of  ninety  days,  full  time.  Dur- 
ing the  working  season  ever}'  hour's  delay  is  so  much  money  lost,  and 
a  sugar  factory  should  run  as  smoothly  as  a  grist  mill.  It  is  a  question 
of  practical  mechanics,  which  a  good  machinist  can  handle. 

With  a  number  of  changes  in  the  factory  the  Conway  Springs  mill 
can  be  made  a  success.  Tiie  foundations  of  the  heavy  machinery  should 
be  replaced 5  the  battery  put  in  straight  line  and  elevated,  so  that  the 
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chips  could  be  removed  by  means  of  a  car  j  two  large  cutters  should 
be  ready  for  use  in  place  of  one;  also  two  macerators.  Three  additional 
boilers  are  needed,  another  engine,  two  more  clarifiers,  a  large  storage 
tank  for  the  molasses,  and  more  sugar  wagons  and  storage  room,  and, 
abo\e  all,  a  good  water  supply,  which  may  with  care  be  secured  in  the 
neighborhood. 

With  these  improvements,  with  cane  of  the  same  (luality  as  was 
worked  this  year,  and  careful  management,  a  great  success  may  be  se- 
cured at  Conway  Springs  during  another  season. 

Table  I. — Mill  Juices  from  ichole  canes. 


Total 

1      "     ~ 

D\le. 

No. 

solids  by 
Uri.K  at 
15,  5'5. 

1 
Baume. 

Spocific 
gravity. 

Suciose. 

Glucose. 
Per  ccnl. 

r-,:rity. 

i 

Fer  cent. 

Per  cent 

Septeniliir  4  .- 

3 

15.38 

8.50 

1.0630 

3.  (i2 

23.  53     1 

SeptiiubtT  4  .. 

4 

18.50 

10.  LO 

1.07GG 

13.  95 

7 -.40 

September  4  . 
Siptember  4  . 

5 

16.  CO 

8.90 

1.  0656 

9.50 

.'■.9.  30 

(J 

15.50 

8.60 

1.0G34 

8.47 

54.  6i 

September  C  .. 

9 

18.91 

10.50 

1.  0783 

10.48 

4.72 

55.33 

September  8  .. 

21 

18.  2i 

10.10 

1.  0753 

12.30 

3.21 

67.43 

September  8 

22 

16.31 

9.00 

1.  0669 

10.30 

3.20 

63.15 

September  10 

24 

18.91 

10.50 

1.  0783 

5.00 

6.06 

26.44 

Sep  1  ember  10  . 

25 

16.0  7 

8,90 

1.  0656 

11.73 

3.35 

72.99 

September  10 

26 

21.97 

12.20 

1.0918 

11.43 

7.88 

52.  02 

September  10  . 

27 

18.  62 

10.30 

■1.0770 

14.  32 

1.28 

76.  90 

September  ]0 

28 

17.21 

9.  50 

1.07(9 

8.98 

4.19 

52.  17 

September  11  . 

33 

17.  82 

9.90 

1.  0735 

11.90 

2.31 

66.78 

September  ]2  . 

34 

18.44 

10.20 

1.0761 

11.44 

3.12 

62.  03 

September  14 

48 

16.50 

9.10 

1.0678 

11.54 

2.27 

69.91 

September  JG  . 

59 

17.40 

9.60 

1.071? 

12.67 

2.16 

71.63 

September  ]7  . 

GL 

18.47 

10  20 

•  1.0761 

10.61 

5.51 

50.89 

September  IS  . 

(0 

18.81 

10.40 

1.  0779 

14  09 

1.26 

74.90 

September  20  . 

8u 

18.24 

10.10 

1.  07.53 

10.80 

3.43 

59.21 

September  2;i 

114 

18.51 

10.20 

1.  0766 

13.69 

1.39 

73.  84 

September  27  . 

k;3 

1 8.  55 

10.  22 

1.  0760 

12.50 

1.58 

67.38 

October  1.... 

1G2 

22.16 

12.  30 

1.0932 

16.67 

2.16 

75.22 

October  1  .... 

1G3 

18:85 

10.40 

1.0781 

13.28 

2.79 

70.45 

Oetober  4  .-. 

178 

21.88 

12.10 

1.0918 

13.55 

3.30 

CI.  92 

October  10.... 

220 

19.12 

10.60 

1.  0792 

13.70 

2.00 

71.65 

October  10  ... 

227 

17.82 

9.90 

1.  0735 

13.10 

1.12 

73.51 

October  16  ... 

261 

20.24 

11.20 

1.  0841 

13.98 

2.88 

69.07 

October  20.... 

281 

20.40 

11.30 

1.  0850 

13.63 

1.94 

60.81 

October  31  .. 

352 

20.66 

11.40 

1.  0862 

14.58 

1.29 

70.71 

November  2  .. 

358 

19.29 

10.70 

1.0801 

12.68 

1.43 

65.73 

November  2... 

3C7 

15.22 

8.40 

1.  0  21 

7.26 

2.13 

47.70 

Novembers  .. 

360 

13.30 

?.40 

1.  0540 

7.51 

1.54 

56.46 

Novembers  .. 

374 

20.00 

8.20 

1.  0832 

14.81 

.89 

74.50 

Novembers... 

375 

17.  63 

9.75 

1.0726 

12.87 

1.65 

73.00 

Novembers... 

378 

20.36 

11.30 

1.  0850 

14.69 

2.14 

72.15 

Novembers... 

379 

15.10 

8.40 

1.0617 

8.54 

2.35 

56.  55 

Xovembei'  5. .. 

380 

20.20 

11.20 

1.0841 

15.28 

1.15 

75.64 

Novembers. .. 

382 

20.00 

11.10 

1.  0832 

14.95 

..?? 

74.75 

Novembers. .. 

383 

20.  20 

11.20 

1.  0841 

14.85 

1.21 

73.51 

NovemberO... 

384 

19.60 

10.  85 

1.  0815 

14.25 

1.51 

72.70 

November?. .. 

385 

16.67 

9.  25 

1.0687 

11.89 

1.67 

71.  32 

November?... 

386 

17.6? 

9.80 

1. 0730 

12.38 

1.69 

70.  06 

November  ?  . . 

387 

17.87 

9.90 

1.0739 

13.15 

1.00 

74.71 

November?. .. 

3f8 

19.27 

10.70 

i.osoi 

15.11 

.59 

78.41 

November  10.. 

391 

17.  99 

10.01)  : 

1.0744 

12.80 

1.  55 

71.15 

November  12. 
]\Iaxima  .. 

392 

18.1? 

10.10 

1.0753 

13.  85 

1.01 

76.  22 

78.41 

22.16 

12.30  i 

1.  09-;2 

16.67 

7.88 

IStean.s 

1 8.  35 

10.  10 

1.0759 

12. 14 

2.  35 

65.  78 

Minima.. . 

13.30 

7.40  1 

1 

1.0540 

8.47 

.  77 

23.  53 
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Discripiion  of  samples  of  nhole  cane 


21. 
22. 
21. 

25. 
20. 
27. 
28. 
33. 
34. 
48. 
59. 

Gl. 
CO. 

PG. 
114. 
133. 
1G2. 
163. 
178. 

2:g. 


Amber  nnd  tinripo  Sterling  Oranse  mixed. 

Early  Amber  t'ruiii  cime-.shed. 

UiiT'ipe  Sterliun  Oraujic,  selected  .stocks. 

Uuripe  Sterling  Oiudj^c,  .siickered  upper 
joint. 

Amber  and  Sterliujr  Orange  mixed,  cut  and 
lying  in  sbed  for  two  day.s. 

Cane  from  shed,  mixed  lot. 

Orange  from  tield. 

Mixed  lot  from,  shed,  cut  fort} -eight  hours  ; 
green. 

Orange  cane  frons  tield. 

Early  Amber  from  -wagon. 

Early  Amber  from  field  of  Mr.  Troeger. 

"  Southern  lied  "  from  liehl. 

Early  Amber,  average  from  ten  loaiLs. 

Cane  from  shed. 

Cane  from  shed. 

Orange  cane  from  shed,  cut  and  lying  forty- 
eight  hours. 

Sterling  Orange  from  Avason. 

Early  Amber  from  load  brought  in  by  Troe- 
ger, 

Oiange  cane  from  shed. 

Orange  cane  from  field. 

Links  Hybrid  from  wagon. 

Sterling  Orange  from  wagou. 

Stoiling  Oraufie,  average  from  three  loads. 

Or.inirp  from  shed,  lying  forty-ei;iht  hours. 

Orange  irom  shed  and  wagons,  average  Itt 
lying  forty  eight  hours. 


227.  Links  Hybrid  from  field. 

201.  Lot  of  badly  suckered  Orange  cane  from  shed. 

281.  Cane  from  "shed,  lyiug  ihirty-six  hours. 

352.  Orange  cane  average,  late  xdanting  gave  but 

little  juice. 
358.  Orange  cane  from  shed  after  first  frosi. 
367.  Links  Hybrid  Jrom  shed;  red  pith. 
3(3<J.   Links  Hybrid  from  shed. 

374.  Links  Hybrid  from  shed  ;  good  load. 

375.  Cane    from      shed,    chiefly    Orange,    lying 

twenty-four  hours. 

378.  Orange  cane  from  field,  second  growt  . 

379.  Orange  cane  from  field,  red  pith. 

380.  Orange  cane  from   field  of  J.  E.  Duncan; 

average  lot  left  uncut. 

382.  Oiange  cane  from  tiehl  of  J.  S.  Clark. 

383.  Orange  cane  from  field  said  to  be  the  poorest 

field  out. 

384.  Orange  cane  from  shed,  put  in  silo  iS'ovcmbcr 

6,  covered  with  2  to  3  feet  grour.d 

385.  Oiange  c.me  from  shed  trom  same  lot  as  put 

in  silo  Novi  nilier  6;  cane  from  to]).of  i)ile. 

386.  Orange  cane  Irom   shed  I'rom  same  lot  as  put 

in  .sill  Xovemlier  6  :  average,  sample. 

387.  Orange  cane  fioiu  tield  of  L.   IJerry. 

388.  Oranuc  lanr  Immu  tield  of  Hanna." 

391.  Orangr  c  ne  irom  same  lot  as  put  in  silo,  ly- 
ing ill  shed  eijilit  days  exposed  to  heavy 
frost,  snow  and  tliaw. 

3G2.  Oranj:e  eane  Irom  field  of  Hanna,  from  same 
plat  as  iS'o.  3fc8. 
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Table  IL—Mill  jukes  from  fresh  ehips. 


Date. 

No. 

B:\ume. 

September  6.. 

10 

10.80 

Sopteinber  7.. 

15 

10.  50 

September  7.. 

IG 

9.90 

September  10. 

2!) 

9.70 

St'ptcinber  ]2 

10.  50 

Sei)tombei'  12. 

3G 

10.  50 

Si'])teniber  I'i. 

43 

9.  90 

September  14. 

49 

9.  75 

September  15. 

50 

9.  90 

S('i)tember  17. 

60 

10.20 

Srptembei'  18. 

68 

9.00 

Sfi)teiiilicr  18 

70 

8.90 

September  19 

80 

9.90 

September  20 

87 

10.10 

September  2l 

92 

9.75 

September  '21 

98 

9.  25 

Seiitembei'  22 

1(13 

9.  75 

September  22 

107 

10.50 

September  2t 

111 

9.  50 

Sei)tember  2i 

IIG 

9.75 

Sei)tember  L'G 

124 

10.50 

September  27 

128 

11.45 

Sepleiiiber  27 

131 

10.70 

September  28 

138 

10.60 

September  29 

143 

10.60 

September  2!) 

147 

11.30 

Se|>teinber  3(J 

154 

10.85 

September  3(i 

158 

10  00 

Oetober  2.    . 

lt)5 

10.85 

Oetober  2... 

171 

10.90 

Oetober  3 . . . . 

176 

10.20 

October  5 

179 

11.30 

October  5 

1S3 

11.0) 

October  0 

189 

11.30 

October  G  ... 

195 

10.40 

October  8 

20G 

10.40 

October  8  . . . . 

211 

11.00 

Oetober  9.... 

21G 

10.  50 

October  11... 

230 

11.95 

October  11 

234 

10.60 

October  12.... 

239 

12.55 

October  13 

244 

11.70 

October  15  .. 

253 

12.30 

Oetober  17.  .. 

262 

12.20 

Oct(;ber  18 

268 

11.70 

October  18.... 

272 

11.50 

October  19... 

276 

12.05 

October  19... 

277 

12.  20 

October  20... 

282 

12.05 

October  20.... 

283 

11.10 

October  22 

287 

10.20 

October  23.... 

292 

9.  80 

October  23  .. 

296 

9.75 

October  24  ... 

304 

10.60 

October  24.... 

308 

10.20 

October  25.... 

313 

11.20 

October  20.... 

317 

11.70 

October  27... 

322 

11.40 

October  27... 

326 

10.  35 

October  29... 

331 

11.40 

October  29.... 

335 

10.70 

October  30... 

340 

11.40 

Octobei-  30 .... 

349 

11.30 

Noreraber  1  .. 

353 

11.  80 

November  2  .. 

359 

11.40 

Xovember  2  .. 

303 

10,60 

November  3  . . 
Highest. 

370 

10.35 

12.55 

10.72 

Lowest . 

8,90 

Total     I 
solids  by     Specific 

Brix         firavity. 
at  15.5°.   I 


Per  cent. 
19.47 
18.97 
17.80 

17.  54 
18.94 
18.95 
17.87 
17.56 
17.78 
18.44 
10.24 
10.  14 
17.84 

18.  19 
17.60 
10. 78 
17.62 
18.91 
17.21 

17.  tU 
18.98 

20.  73 

19.  35 
19.  24 
19.12 
20.50 
19.64 

19,  25 
19.59 
19.68 
18.49 
20.50 
19.83 
20.40 
18.78 
18.80 
19.80 
19.04 

21.  60 
19.08 

22.  69 
21.20 
22.34 
22.10 
21.20 
20.81 
21.81 
22.  03 
21.80 
2t.O0 
18.40 
17.73 
17,63 
19.07 

18.  .51 
20.34 
21.23 
20.56 

18.  GG 

20.  60 

19.  37 
20.57 
20.37 
21.43 

20.  04 
19.09 
18.67 


1.0810 
1.0783 
1.  0706 
1.0722 
1.0783 
1.0783 
1.  0739 
1.  0726 
1 . 0730 
1.0761 
1.  0065 
1.  0060 
1.  07;!5 
1.U7.53 
1.0726 
1.(1691 
1.  072G 
1. 0783 
1.0709 
1.072G 
1.078S 
1.0804 
l.OFOl 
1.  0797 
1.0792 
1.  0855 
1.0815 
1.0799 
1.0815 
1.0815 
1.  0766 
1 . 0H55 
1.  0824 
1.0850 
1.  0777 
1.  0779 
1.0824 
1.0788 
1.  0904 
1.  0792 
1.0954 
1.  0880 
1.  0936 
1.  0926 
1.  0884 
1.0868 
1.0914 
1. 0923 
1.0914 
1.  0832 
1.0761 
1.  0730 
1.0726 
1.  0792 
1.0766 
1.(846 
1.  0886 
1.  0859 
1.  0775 
1.0859 
1.0806 
1. 0859 
1.  0850 
1.  0895 
1. 0859 
1.0792 
1.0775 


Sucrose. 


Per  cent. 

G.  36 

8.93 

9.  04 

9.72 

11.93 

12.65 

12.51 

10.30 

10.73 

8.05 

11.22 

10.90 

9.68 

11.14 

9.34 

10.55 


11.49 
9.G5 
10.89 

12.  74 
13.47 
12.78 
13.51 
1-2.  79 
14.  92 
13.82 
13.6ii 
12.69 

13.  25 
12.  8i 
12.47 
10.97 
13  97 
12.  56 
12.  5G 

12.  03 
11.97 
13. 28 
12.45 
10.75 
10.05 
15.58 
1.^49 
14.14 
14.24 
14.84 
14.31 
1.5.04 
13.37 
12.47 
11.98 
11.90 
12.96 
12.19 
14.41 
14.98 

14.  29 
12.91 
14.49 
14.01 
13.9) 
13.59 
14.30 

13.  07 
12.94 
12.80 


Glucose. 


Per  cent. 
7.16 
6.34 
5.  67 

0.  02 

2.  97 
2.43 
2.08 
4.  58 

3.  42 

4.  30 


Albumi- 
noids. 


Per  cent. 


22.69 
19.39 
16.14 


1.0954 
1.  0805 
1.  OOGO 


15.58 
12.42 
6.36 


3.02 
3.11 
3.02 
2.34 
2.51 
2.  92 
2.08 
2.28 
2.  3G 
1.18 
1.80 
1.81 

2.  46 

1 .  73 
l.CL 
3.02 

3.  60 
2.49 
2.02 
2.85 
2.31 
2.94 
2.86 
2.44 
2.77 
3.91 
1.28 
2.00 
2.70 
1.80 
2.91 
2.61 
1.94 
2.19 
1.21 
1.48 
1.48 
1.29 
1.39 
1.74 
1.00 
1.34 
1.20 
1.25 
1.20 
1.42 
2.00 

2.  2  i 
1.99 
1.13 
1.41 

7. 16 
2.  Gl 
1.00 


,  6563 


.0183 


I'uritv 


32.  60 
47.  07 
50.78 
55.41 
()2.  98 
60.  75 
70, 00 
58.  65 
GO.  34 
43.  G5 
6'.).  08 
07.  53 
.54.  20 
61  24 
52,  88 
62.87 


.  8250 

.7438 


.  7. 563 


,8003 


.  8875 


7313 


.487 


.  8306 
.8087 


7857 


60.70 
56.  07 
61.73 
67.12 
G4.  97 
60.  61 
70.  22 
60.  89 

72.  78 
70.31 
70.  96 
G4.  76 
67.22 
60.  33 
00.  83 
55.  32 
08.48 
06.  89 
06.  80 
60.  75 
62.  86 
61.48 

65.  24 
47.37 
47.40 
69.74 
70.09 

66.  69 
68.  42 
68.04 
04.95 
68.  99 
60.  85 

67.  60 
67.  57 
67.48 
67.96 
65.  85 
70.  84 
70.  56 
09.  50 
09.  18 

73.  39 
72.  32 
68  01 

<;g.  72 
60.  72 
66.23 
67.78 
68.88 

72.78 
63  84 
32.  60 


k 
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Table  111.— Diffusion  juices. 


Date. 


Iso.       Baume. 


Total 

solids  by    Specific 

Brix  at      gravity, 

15.5°. 


Sucrose.    Glucose,    ^q^j""'     Turity. 


September  3  . . 
Septeiiiber  6 .. 
September  7  .. 
September  10 . 
September  12  . 
September  12  . 
September  13 . 
September  14  . 
September  15 . 
September  17 . 
September  18  . 
September  J  9  . 
September  20  . 
September  21  . 
September  21 . 
September  22  . 
September  22  . 
September  24 . 
September  24  . 
September  2G  . 
September  27  . 
September  27  . 
September  28  . 
September  29  . 
September  29  . 
September  30 
Septembei-  30  . 

October  2 

October  2 

October  2 

October  5 

October  5 

October  6 

October  6 

October  8.... 
October    8.... 

October    9 

October  11  ....' 

October  11 i 

October  12....  I 

October  13 1 

October  1.5 

October  17.... 
October  18  ... . 

October  18 

October  19 

October  20 

October  22.... 

October  23 

October  23 

October  24 

October  24 

October  25 

October  26 

October  27 

October  27 

October  29  . .  . 

October  29 

October  30 

October  30.... 
XoA-ember  1. .. 
November  2... 
November  2... 
November  3... 


Maxima 
Means .. 
Minima. 


2 

11  I 
18 


45 
52 
57  I 
62  I 
72 
77 


94 
100 
104 
108 
113 
118 
125 
129 
135 
139 
145 
148 
155 
159 
166 
169 
173 
180 
184 
192 
197 
207 
212 
217 
232 
235 
240 
246 
255 
264 
269 
273 
278 
284 
288 
293 
297 
306 
309 
315 
319 
324 
327 
333 
336 
342 
350 
354 
361 
364 
371 


Per  cent.    Per  cent.   Per  cent. 


6.30 

11.30 

1.0435 

8.15 

14.68 

1.06U0 

6.70 

12.08 

1.  0485 

7.30 

13.11 

1.0531 

7.50 

13.52 

1.  0548 

6.80 

12.22 

1.  0493 

7.80 

14.14 

1.  0574 

6.05 

10.90 

1.  0439 

7.00 

12.  60 

1.0510 

7.60 

13.77 

1.0610 

6.40 

11.64 

1.0468 

6.55  ! 

11.85 

1.  0476 

7.65 

13.85 

1. 0561 

7.30  . 

13.13  , 

1.  0.531 

7.30  ' 

13.12  i 

1.0531 

6.4J  i 

11.48 

1.0464 

6.70 

12.00 

1.  0485 

6.  80 

12.24  1 

1.0-93 

7.00 

12.60  1 

1.0510 

7.05 

12.70  i 

1.0514 

7.50 

13.58 

1.05=^3 

6.90 

12.42 

1.0502 

7.10 

12.77 

1.0514 

7.  65 

13.85 

:.05fil 

8.15 

14.71 

i.onoo 

7.  50  ' 

13.50 

1.0548 

7.60 

13.67 

1.  0553 

7.50 

13.50  ! 

1.  0548 

7.50 

13.64 

1.0553 

7.60 

13.67 

1. 0555 

7,60 

13.65 

1.0555 

7.70 

13.94 

1.0566 

8.20 

14.  82 

1.  0fi04 

7.40 

13.38 

1.  0.544 

7.60  ' 

13.08 

1.  0557 

7.50 

13.64 

1.0553 

7.50 

13.  53 

1  0-^50 

7.65 

13.85 

1. 05G4 

7.90 

14.34 

1.  0583 

7.05 

12.  70 

1.0514 

8.30 

14.90 

1.0^.09 

7.65 

13.79 

1.0561 

7.60 

13.67 

1.0553 

7.60 

13.67 

1.  0555 

7.80 

14.07 

1.  0.574 

7.80 

14.05 

1.0572 

7.60 

13.72 

1.0557 

7.00 

12.65 

1.0512 

6.00 

10.78 

1.  0-134 

6.30 

11.43 

1. 0^59 

6.30 

11.41 

1. 0^59 

7.05 

12.  75 

1.  0514 

6.80 

12.28 

1.  0-197 

6.90 

12.38 

1.05<'2 

7.20 

13.08 

1.  0531 

7.05 

12.  68 

1.0514 

6.70 

12.  03 

1.0J85 

7.30 

13.19 

1.  0536 

6.20 

11.22 

1.0451 

6.80 

12.18 

1.0493 

7.40 

13.41 

1.0544 

7.05 

12.72 

1.  0514 

6.20 

11.13 

1.  0447 

6.90 

12.47 

1.  0506 

4.98  ! 
5.52 
4.90 
5  93 
8.39 
7.69 
8.37 
5.04 
7.23 
7.94 
7.35 
6.36 
6.90 
6.92 
7.17 
5  25 
6.65 
7.69 
8.20 
6.68 
7.55 
8.43 
7v92 
8.85 
10.  02 
8.86 
9.08 
8.25 
8.  98 
9.08 

7.  75 
8.09 
0.43 
8.59 
8.28 
8.59 
7.6J 
8.14 
9.11 
6.72 
9.48 
9.37 
6.17 
8.29 
8.47 

8.  .53 
8.98 
7.93 
6.93 
7.35 
7.20 
8.  13 
8.64 
8.58 
8.90 
8.42 
7.42 
8.26 
7.33 
7.20 
8.13 
7.48 
6.92 
8.33 


6.14 
4.30 
4.85 
2.40 
2.33 
3.20 
2.80 
2.61 
3.27 
2.16 
2.37 
2.50 
3.11 
3.07 
2.71 
2.29 
2.20 
1.91 
2.23 
2.67 
2.23 
2.24 
1.96 
1.68 
1.83 
1.91 
2.16 
1.89 
1.95 
2.59 
2.63 
2.19 
1.87 
2.  08 
1.89 
2.19 
2.  59 
2.  •-'2 
2.37 
2.36 
1.55 
1.64 
1.56 
1.97 
2.13 
1.54 
1.19 
1.27 
1.25 
1.27 
1.24 
1.19 
1.15 
1.28 
1.29 
1.  15 
1.33 
1.20 
1.30 
1.40 
1.80 
.99 
1.30 


.  46^8 
.4088 
.5438 
.  5313 


4  688 


5188 


5188 
5313 
5813 


5625 


5813 


5813 


.5938 


44.07 
37.60 
40.56 
45.23 
62.05 
62.  92 
59.26 
46.  24 
57.38 
£7.66 
03.14 
53.71 
49.00 
52.70 
54.64 
45.73 
55.41 

62.  82 
65.08 
52.  59 
55.  59 
67.87 
62.01 
63.89 
68.11 
65.63 
66.42 
61.11 
65.87 
66.42 
56.79 
58.  22 

63.  63 
61.79 
60.  52 

62.  90 
56.66 
.58.  90 
63.52 
52.91 

63.  62 
67.94 
45. 19 
66.43 
60.19 
60.61 
65.45 
62.  69 
64.28 

64.  34 
63.10 
63.76 
70.  35 
69.30 
68.04 
66.  08 
61.67 
62.  62 

65.  32 
59.11 
65.10 
58.  !tl 
62.  1 7 

6i;.  Ml 


8.30 
7.20 
6.00 


14.82 
12.99 
10,78 


1.  0604 
1.0.527 
1.0134 


10.02 


6.14 
2.13 


.5938 
.5364 
.4688 


70.  35 
59.  84 
37.  66 
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Table  lY.—CIariftcd Juices. 


Date. 


Soptomlier  (5. 
Sci)teniber  7  . 
Sfi)tenil)er  10 
Septenilier  ]2 
Scpti'inber  12 
Sei)tember  13 
SeptfiiribiT  14 
September  15 
September  17 
September  18 
Sei)tember  18 
September  I 'J 
September  2U 
September  21 
September  21 
September  22 
September  22 
September  24 
September  24  . 
September  26, 
September  27. 
September  27  . 
September  28  . 
September  29  . 
September  29 
Septeiubor  30 
September  30  . 

Oeteber  2    

October  2 

October  2 

Oetobei  5    

October  5 

October  G 

October  C 

Octobers 

Oetobei  8    .... 

October  9 

October  11  .... 

Octol)erll  .... 

October  12  .... 

October  13  .... 

October  15 

October  17  . . . 

October  18  ... 

October  18  .... 

October  19  .... 

October  20    ... 

October  22 

October  23.... 

October  23  . . . . 

October  24  ... . 

October  24  .... 

October  25  ... 

October  26  ... . 

October  27  ... 

October  27  ... . 

October  29  .... 

October  30  .... 

October  30  .... 

November  1... 

November  2... 

November  2  . . 

November  3. .. 


Means 

Ma:iiraa 

Minima 


r 


k 
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Table  V 


Semi  sinips. 


Baurae. 


Total 

solids,  by 

Brix.  at 

15.5°. 


SpeciQc 
grav 


I 

j*j.^      Sucrose.      Gluco.so. 


Turitv. 


Sept. 

Sept. 

Stpt. 

Sept. 

Sepr. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sei)t. 

Sept. 

Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Ort. 

Oct. 

Oct. 

Oct. 

Oct. 

Ocf. 

Oct. 

Oct. 

Oct. 

oot. 

Oct. 

Oct. 

Oct. 

Oct. 

'Snv. 

Nov. 


1 

14 

20 

32 

42 

47 

55 

65 

83 

91 

102 

120 

127 

137 

]42 

152 

164 

177 

188 

200 

210 

224 

238 

243 

252 

257 

267 

291 

300 

312 

321 

330 

339. 

357 


21.50 

]8.  70  i 

23.20  1 

22.30 

23. 10 

23.00 

14.50 

24.20 

26.40 

28.70 

26.60 

21.60 

27. 40 

26.00 

25.80 

25.  80 

25.60 

24.80 

23.70 

21.90 

25.45 

25.35 

25.80 

26.20  I 

26. 10  : 

25.80  I 

23.50  I 

26.40 

25.70  I 

26. 10  I 

23.10 

26.90  I 

26.70  j 

23.70  ' 

24.73 


39.27 

34.08 
42.44 
40.72 
42.  22 
42!  10 
2G.  31 
44.21 
48.52 
52.  94 
48.  93 
44.98 
50.  4 1 
47.82 
47.43 
47.41 
46.87 
45.50 
43.40 
40.  00 
4G.76  ' 
4G.  55 
47.30 
48.10 
48.00 
47.25 
43.01  : 
48.53  ' 
47.  13 
47.99  i 

42.  34  j 
49.50 
49.04 

43.  25 

44.  53 


1.1789 
1. i52l 
1.1!<01 
1.1835 
1. 1940 
1. 1940 
l.lloO 
1.205G 
1.2294 
1.  L'5S3 
1.  2337 
1.  2093 
1.2414 
1.2256 
1.2240 
1.2234 
1.2207 
1.20;7 
1.  2008 
1. 1820 
1.2196 
1.2185 
1.2229 
1. 2272 
1.  2267 
1.2229 
1.1987 
1.  2245 
1.2109 
1.2212 
1.1913 
1.  2361 
1.2272 
1.  1!)GL 
1.2072 


Per  cent. 

19.  20 
14.47 
18.33 
18. 15 
2fi.  61 
25.  32 
13.52 

20.  60 
29. 36 
•27.14 
28.  04 
25.  39 
37.41 
20.41 
28.51 
3(».  57 
31.06 
28.  r;8 
21.68 
23.78 
27.08 
28.  90 
30.75 
32.13 
33.  98 
34.08 
25.  02 
SO  97 
31.67 
33.27 
28.  -.6 
33.  37 
30.  39 
27.  18  ■ 
£0.  G3 


Per  cent. 

""ii'G5"^ 

15.75 

12.45 

7.95 

8.  74 
6.39  i 
9.05  , 
9.31  I 

12.  06 
8.83  ■ 

9.  16 
9.77 

6.  .33  j 

7.  75 
.5.  68  I 
G.46  I 
5.  36 
5.86  I 
4.81  I 
G.Ol  I 
6.56 
5.  35  I 
7.81  I 
5.16  I 
5.41  1 
5.12  , 

5.33 ; 

4.  80  1 
4.70  i 
6.19  I 
4.12  1 

5.  29  I 
5.16  j 
4.  55  ! 


48  89 
42.45 
43. 19 
44.57 

63.  02 
CO.  14 
51.37 
60.16 
(iO.  51 
51.26 
57.30 
56.44 
74.21 
G1.50 
61.09 
64.48 

64.  56 

62.  37 
56.  08 
59.45 
57.99 
62.08 
65.00 
66.79 
70.88 
72.52 
58.17 

63.  81 
G7.  19 
69.  32 
66.74 
67.41 
61.97 
G2.  84 
08.  70 


Maxima. 
Means  . . 
Minima . 


28.70 
24.  55 
14.50 


52.94 
45.00 
26.31 


1.2563 
1.2092 
1.  1130 


37.41 
27.  53 
13.  52 


15.75 
7.21 
4.12 

72.  52 
60.  70 
42.45 

Table  \T. — Masse  cu'iie. 


Date. 

Number. 

Moisture.'     Asb. 

■    i 

Glucose. 

Sucrose, 
direct. 

Sucrose, 
indirect. 

Solids, 
not  sugar. 

Sept.  15. 

Sept.  18 

Sept.  19 

Sept.  21 

Sept.  21 

Sept.  24 

Sept.  26 

Oct.      G 

Oci.    11 

Oct.    14 

Oct.    16 

Oct.    24 

Oct.    30 

Nov.    1  

54 

66 

76 

96 

07 

110 

121 

191 

228 

251 

2.58 

301 

344 

377 

Per  cent. 
15.62 
30.40 
15.80 
16.28 
22.52 
14.52 
14.59 
14.  52 
14.65 

Per  cent. 
6.32 
5.25 
6.59 
6.77 
G.87 
6.46 
7.08 
5.55 
5.10 
4.94 
5.92 
5.66 
6.30 

Per  cent. 
2L13 
17.06 
16.50 
19.39 
20.90 
21.42 
20.40 
12.44 
10.75 
10.15 
8.73 
7.34 
9.35 
8.3i 

Per  cent. 
50.40 
47.  CO 
57.40 
50.10 
48.40 
52.  00 
52.00 
63.20 
65.  80 
64.00 
63.  GO 
65.60 
63. 40 
G1.20 

Z'<  r  cent. 
50.30 
41.65 
54.64 
50.21 
42.13 
52.  i  1 
51.72 
60.65 

62.  94 

63.  20 
63.  72 
63.58 
63.  52 
60.21 

6.63 
5.64 
6.47 
5.99 
7.58 
5.19 
6.39 
6.84 
6.56 

■■■"5.'89 
9.18 
5.14 
8.67 

15.  74 
14.24 
15.69 
15.59 

;^[axima... 

Mean.s 

Minima  . .. 

30.40  I          7.22  ;        21.42 
16.  94  I          6. 15  i        14.  56 
14.  24  !           4.  94  !          7.  34 

65.  80 
57.44 
48.40 

63.72  1 

55.78    

41.65      

1 
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Table  YU.—Jian-  sitfjuri^. 


Dates. 

No. 

Ter  cent, 
sugar  by 
polariza- 
tion. 

.Sept.  26.. 
Oct.      8.. 
Oct.      8.. 
Oct.-    8.. 
Oct.     13.. 

Mean 

123             77.40 
201             89.40 

204  !          86.00 

205  !           84.  00 
2i2             75.80 

82.52 

Table  VIII. — First  sugan 


Per  cent. 

Dates. 

jS^O. 

sufxar  by 
polariza- 
tion. 

Oct.      0.. 

215 

97.40 

Oct.      9.. 

381 

97.00 

Oct.      8.. 

202 

97.  80    ■ 

Oct.      8.. 

222 

98.20 

Oct.      9.. 

223 

95.  00 

Oct.    16  . 

260 

96.  00 

Oct.    24.. 

303 

95.  CO 

Oct.    30.. 

346 

97.  60 

Oct.     30  . 

347 

97.00 

Oct.    30 

381' 

97.00 

96.80 

Table  IX. — Molasses. 


Date. 

Xiimber. 

Moisture. 

Asli. 

• 

Gluco.se. 

Sucrose, 
dinct. 

Siicro.so, 
indirect. 

Solids, 
uotsuyar. 

Sopt  26  

Oct.       6 

Oct.      6 

Oct.      8 

Ort.       D 

Oct.     10 

Oct.    11    

Oct.    16 

Oct.    24 

Jf  axima 

122 
190 
196 
203 
221 
225 
229 
2r)9 
3)5 

Per  cent. 
26.54 
34.  00 
31.00 

32.25 
29.60 
30  04 
2j.  27 

Per  cent. 
7.63 
7.  33 
7.41 
7.19 
6.09 
7.40 
6.97 
6.85 

Per  cent. 
28.41 
17.  33 
16.78 
15.76 
17.  33 
14.57 
17.30 
14.56 
13.  82 

Per  cent 
34.  GO 
40.  0:) 

43.  60 

44.  00 
43.  40 
41.20 
46.  20 
42.  (2 
44.00 

Per  cent. 
35.  62 
3;>.49 

43.  17 
43.40 
43.04 
41.  96 

44.  ^2 
38.  25 
40  79 

41.82 
41.17 
35.62 

1.80 
1.61 
1.64 
1.40 
3.  94 
6.  03 
7.64 

32.  63 

34.00 

.  29.  92 

23.27 

7.63 
7.11 
6.09 

28.41 
17.  26 
13.32 

46.20 
42.11 
34.  GO 

Means  .... 
Minima  . .. 

L 
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Table  X. — Mill  juices  from  (xhansted  chips. 


Date. 

No. 

Baume. 

Biix. 

Specific 
•rravity. 

Sucrose. 

Glucose. 

Purity. 

Sopt. 

4 

7 

1.10 

2.00 

1.0075 

.72 

36.00 

SuJ.t. 

G 

12 

1.30 

2.44 

1. 1089 

.69 

!i8 

28.28 

Sept. 

7 

17 

1.40 

2.54 

1.0101 

.51 

.63 

20.08 

Sept. 

12 

40 

1.60 

2.94 

1.0113 

.81 

.  51 

27.55 

Sept. 

13.. 

44 

1.60 

2.93 

1.0113 

1.30 

.53 

44.36 

Sept. 

U 

51 

1.  50 

2.67 

1.010.5 

.73 

.65 

27.  22 

Seiit. 

17.    

C4 

1.50 

2.71 

1.0105 

.92 

.73 

33.95 

Sept. 

18 

71 

1.10 

2.0:] 

4.0077 

.79 

.27 

38.91 

Sept. 

18 

7.') 

.90 

1.63 

1.  0062 

.69 

.25 

42.  33 

Sept. 

]!) 

81 

1.10 

1.99 

1.0077 

.51 

.27 

25.  63 

Sej.t. 

':o 

88 

1 .  GO 

2.68 

1.0105 

1.23 

.40 

4.5.82 

Sept. 

21 

93 

1.20 

2.13 

1.0081 

.51 

.35 

23.94 

Sept. 

21 

r.9 

1.  20 

2.  22 

1.  0u8L 

.77 

.32 

34.18 

Se])t. 

99 

10(5 

.80 

r.38 

l.OO.'O 

.36 

.21 

26. 09 

Sept. 

2i'.'.'.v.'.'.'.' 

112 

1.40 

2.48 

1.  0097 

1.03 

.37 

41.13 

Sept. 

24 

117 

] .  30 

2.35 

1.0089 

1.08 

.30 

45.  99 

Sept. 

27 

130 

2.20 

4.04 

1.015J 

1.99 

.43 

49.  25 

Sept. 

28''.!."!!".' 

141 

l.?0 

3.32 

1.0125 

.77 

.36 

23. 19 

Sept. 

•2'.) 

144 

1.90 

3.47 

1.0133 

2.13 

.44 

61.38 

Sei,t. 

•jf)   

l."^0 

1.  .50 

2.74 

1.0105 

1.28 

.22 

46.71 

Sept. 

30 

157 

1.  GO 

2.90 

1.0113 

1.28 

.23 

44. 13 

Sei)t. 

30 

161 

1.50 

2.76 

1.0105 

1.83 

.27 

60.30 

Oct. 

2 

1C8 

I.JO 

2.55 

1.  0097 

1.18 

.19 

46.27 

Oct. 

2!!!!!!!!! 

172 

1.40 

2.61 

I.OIOI 

1.3G 

.20 

52.17 

Oct. 

5 

182 

1..50 

2.69 

1.0105 

1.44 

.34 

53.  53 

Oct. 

5 

186 

1.10 

2.00 

1. 0077 

.72 

.23 

36.00 

Oct. 

C. 

194 

.    1.50 

2.68 

1.0105 

1.28 

.29 

44.  0  J 

Oct. 

G 

198 

1.70 

3.12 

1.0117 

1.33 

.34 

42.62 

Oct. 

8 

209 

1.90 

3.47 

1.0133 

1.58 

.52 

4.5.53     1 

Oct. 

8 

214 

1.8U 

3.26 

1.  0125 

1.64 

.35 

50.  30 

Oct. 

9 

219 

1.50 

2.74 

1.0105 

1.13 

.84 

41.24     1 

Ocl. 

11 

231 

1.90 

3.47 

1.0133 

1.49 

.43 

42.94     1 

Oct. 

n 

237 

1.90 

3.36 

1.0133 

].54 

.35 

45.8:{     ; 

Oct. 

13 

247 

2.90 

5.30 

1.0209 

2.29 

.79 

43.21 

Oct. 

Ir, 

2.54 

2.90 

5.32 

1.0299 

2.55 

.52 

47.93 

Oct. 

17 

266 

2.30 

4.14 

1.  0162 

1.69 

.61 

40.82 

Oct. 

18 

271 

2.70 

4.80 

1.0189 

2.45 

.82 

51.01 

Oct. 

18 

275 

2.60 

4.60 

1.0181 

1.74 

.52 

37.  82 

Oct. 

]9 

280 

1.90 

3.40 

1.0133 

1.44 

.31 

42.  35 

Oct. 

20  

280 

2.80 

5.00 

1.0197 

2.81 

.50 

56.20     1 

Oct. 

22  

290 

1.30 

2.40 

1.0095 

1.18 

.19 

49.16     ! 

Oct. 

23   

295 

1.10 

2.00 

1.0075 

1.03 

.25 

51.50 

Oct. 

23 

299 

2  20 

8.90 

1.0151 

2.25 

.39 

57. 57     , 

Oct. 

24 

305 

1.30 

2.40 

1.  0094 

1.33 

.23 

55. 41     ' 

Oct. 

24 

311 

1.55 

2.80 

1.0108 

1.28 

.24 

4.5.  72 

Oct. 

25 

314 

2.40 

4.26 

1.0165 

2.10 

.40 

49.:i4 

Oct. 

26 

318 

2.60 

4.62 

1.0181 

•  2.40 

.33 

51.94 

Oct. 

27 

323 

1.90 

3.50 

1.0137 

1.33 

.21 

38.00  : 

Oct. 

29  

332 

1.70 

3.03 

1.0117 

1.08 

.28 

35  64    i 

Oct. 

29 

338 

1.90 

3.46 

1.  0129 

1.69 

.26 

48.84     1 

Oct. 

30  

341 

2.20 

3.90 

1.0153 

1.48 

.25 

40.  51 

Kov. 

1 

356 

2.40 

4.27 

1. 0169 

1.99 

.28 

46.60     1 

Nov. 

2 

360 

2.90 

5.17 

1. 0205 

2.91 

.27 

56.28     j 

Nov. 

2 

366 

2.00 

3.6J 

1.0141 

1.74 

.21 

48.06     ' 

Nov. 

3 

Maxima  .. 

373 

2.20 

4.02 

1.0157 

1.79 

.23 

4i.52 

2.90 

5.32 

1. 0299 

2.91 

.79 

60.30     i 

Means  .... 

1.75 

3.17 

1.  01221 

1.40 

.36 

43.12 

Minima... 

.80 

1.3, 

1.00.50 

.36 

.18 

20.08 
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Table  XJ.— Albuminoids. 


Kurnher. 

Fresh 
chips.     ; 

Number. 

Diffusion 
juice. 

Number. 

Defecatetl 
juices. 

60 

Per  cent. 
.6503 
.6183 
.8250 
.  7438 
.  7563 
.8063 
.8875 
.7313 
1.  0375  . 
.4875  : 
.8306  1 
.  K6.S7  ! 
.9056 

72 

Per  cent. 
.4688 
.4688 
,  .5438 
.  .5313 
.  4088 
.5188 
.  5188 
.5313 
..5813 
.5625 
.5813 
.5813 
..5813 
.  5938 
.  .5381 
.5091 
.  5500 
.  .5906 
.  r-000 
.5187 

63 

Per  cent. 
.  4938 
.4813 
.  4(j88 
.  5438 
.4813 
.5313 
.  5025 
.5125 
.  5000 
..5813 
.  5.500 
.5125 
.  5625 
.  5750 
.  5813 
.  5000 
.  5625 
.  5000 

70        

77 

.^9 

91 

104 

118. 

135 

74 

138 

143 

165 

82 

90 

95 

183 

211 

234 

2.53 

119 

132 

130 

140 

140 

!  107 

1  185 

213 

139 

145 

166 

184 

212 

235 

2.55 

297 

306 

319 

324 

333 

361 

301 

317 

.322 

359 

Means  .... 

236 

256 

320 

325 

362 

i 

.7857 

.  5;;64 

.5278 

92 

Table  XII.  — Comparison  of  acidiiy  in  juices  from  fresh  chips  and  diffusion  juices  ivitk 

use  of  caustic  lime. 


Date. 

Mill  juices  from  fresli  chips. 

Diffusion  juices.                           j 

100  c.c. 

Glucose 

100  c.  c. 

Glucose 

No. 

N 

Su- 

Glu- 

to 100 

No. 

N 

Su- 

Glu- 

to 100   Extrac- 

req.  ^^ 

crose. 

cose. 

pfs.  su- 

req. -j^ 

crose. 

cose. 

pts.  su-  ■    tion. 

NaOH. 

crose. 

NaOH. 

crose. 

i 

c.  c. 

Pr.cent. 

Pr.cent. 

c.  c. 

Pr.cent 

Pr.cent. 

1 

Oct.     5 

179 

32 

12. 47 

3.02 

24.2 

180 

15 

7.75 

2.60 

33.4  !  88.45 

Oct.     5 

183 

12 

10.97 

3.66 

33.4 

184 

9 

8.09 

2.63 

32.5     93.40 

Oct.     6 

189 

28 

13.97 

2.49 

17.8 

192 

12 

9.43 

2.19 

22.1  1  90.80 

Oct.     8 

206 

38 

12.56 

2.85 

22.7 

207 

21 

8.28 

■  -2.08 

2.=i.l  '  87.40 

Oct.     8 

211 

24 

12.  03 

2.31 

19.2 

212 

14 

8.59 

1.89 

22         86. 30 

Oct.     9 

216 

39.5 

11.97 

2.94 

24.5 

217 

33 

7.65 

2.19 

28.0     90.  .'■)0 

Oct.   11 

230 

35.5 

13.28 

2.87 

21.6 

232 

18 

8.14 

2.59 

31.8     88.70 

Oct.   11 

234 

30 

12.45 

2.44 

19.6 

235 

20 

9.11 

2.22 

24.3     87.70 

Oct.   13 

244 

35 

10.  05 

3.91 

38.9 

246 

28 

9.48 

2.36 

24.9 

77.20 

Oct.   15 

253 

n 

15.58 

1.31 

8.4 

255 

r) 

9.37 

1.55 

10.5 

83.70     ■ 

Oct.   19 

277 

52 

14.31 

2.61 

17.1 

278 

23.5 

8.53 

2.13 

24.9 

Oct.   20 

283 

44.5 

]3.37 

2.19 

16.3 

284 

24.4 

8.98 

1.54 

17.1 



Oct.   22 

287 

42 

12.47 

1.21 

9.7 

288 

14.5 

7.93 

1.19 

15.0  1  90  50 

Oct.   23 

292 

30 

11.98 

1.48 

12.3 

293 

15 

6.93 

1.27 

18.3  ■  91.40 

Oct.   23 

296 

25 

11.90 

1.48 

12.3 

297 

18 

7.35 

1.25 

17.0  i  81.10 

Oct.    24 

304 

30 

12.96 

1.29 

9.9 

306 

10 

7.20 

1.27 

17.  6     S9.  TO 

Oct.   24 

308 

25 

12.19 

1.39 

11.4 

309 

10 

8.13 

1.24 

15.2  j  89.50 

Oct.   25 

313 

38 

14.41 

1.74 

12.1 

315 

8 

8.64 

1.19 

1.1.7  1  85.40 

Oct.   26 

317 

14.98 

1.00 

6.7 

319 

1 

8.58 

1.15 

13.4 

84.  00 

Oct.   27 

3-22 

36 

14.29 

1.34 

9.4 

324 

15 

8.90 

1.28 

14.3 

90.70 

Oct.   27 

326 

19.5 

12.91 

1.20 

9.3 

327 

7 

8.42 

1.29 

15.3 

Oct.   29 

331 

26 

14.49 

1.18 

8.1 

333 

12 

7.42 

1.15 

15.  5 

92.  .-0 

Oct.   29 

335 

33 

14.01 

1.14 

8.1 

336 

13 

8.26 

1.33 

16.1 

87.90 

Oct.   30 

340 

26 

13.99 

1.42 

10.1 

•    342 

6 

7.33 

1.20 

16.4 

89.42 

Oct.   30 

349 

18 

13.59 

2.(0 

14.7 

350 

16 

7.20 

1.36 

18.8 

Nov.    1 

353 

20 

14.30 

2.23 

10.6 

354 

9 

8.13 

1.40 

17.2 

80:  00 

Nov.    2 

359 

12 

13.07 

1.99 

14.5 

361 

(t) 

7.48 

1.80 

21.6     77. 2(t 

Nov.  -  2 
Means  . 

303 

7 
29.2 

12.91 

1.13 

8.7 

364 

2 

6.92 
8.15 

0.99 
1.65 

14.3     86.50 

13. 15 

1.99 

15.4 

14.4 

20.2  1  87.33     , 

Tap.le  XIII. — Comparison  of  acidify  of  juices  without  causlic  lime 


Sept.  21 

92 

31.00 

9.34 

4.12 

44.1 

94 

39.40 

6.92 

3.12 

45.1 

94.  50 

Sept.  22 

107 

40.80 

11.49 

3.11 

27.1 

108 

38.50 

6.65 

2.30 

34.6 

i 

Sept.  24 

m 

36.00 

9.65 

3.02 

31.3 

113 

28.  20 

7.69 

2.20 

28.6 

89.30     1 

Sept.  24 

116 

40.00 

10.89 

2.24 

20.6 

118 

28.50 

8.20 

1.91 

2:5. 3 

90.00     ! 

Sept.  26 

124 

47.00 

12.89 

2.51 

19.4 

125 

26.00 

6.69 

2.23 

33.3 

Sept.  29 

143 

40.00 

12.79 

2.45 

19.1 

145 

40.  00 

8.85 

1.96 

22.1 

83.30     ! 

Sept.  29 

147 

34.50 

14.92 

1.19 

7.9 

148 

34.50 

10.02 

1.68 

16.7 

88.60     1 

Sept.  30 

154 

49.00 

13.82 

1.82 

13,2 

155 

49. 00 

8.86 

1.83 

20.6 

90.  70 

Sept.  30 

158 

42.  50 

13.  60 

1.83 

13.4 

159 

40.50 

9.08 

1.91 

21.0 

88.80 

Oct.     2 

155 

45.10 

12.69 

2.60 

21.2 

166 

29.  70 

8.2) 

2.16 

26. 1 

90. 70     1 

Means  . 

40.59 

12.21 

2.49 

21.7 

35.43 

8.12 

2.  i:\ 

27. 1 

89.49 

Table  XIV .—Aciditij  and  inversion  u-ith  calcium  carhonate  (whiting). 


Sept.  27 
Sept.  27 

131 
138 

43.4 
44 

1-2.  78 
13.51 

2.69 
2.14 

21.0 
15.8. 

135 
139 

18.00 
15.50 

8.43 
7.92 

2.24 

2.24, 

Means  . 

43.7 

13.15 

2.42 

... 

16.75 

8.18 

2.  24 

26.  5  I . 
28.  3  j . 

27.  Tl. 


Neutral. 


t  Alkaline. 
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Table  XV. — Comparison  of  llrix  S2)indh's  icitli  soliih  by  drying. 
MILL  JUICES  FROM  FKESH  CUIPS. 


Date. 

No. 

Brix 

at 
15.5°. 

03      . 

:2  a 

Total  solids 
direct  with 
asbcstus. 

i 

o 

i 

o 

1 

Purity. 

i 

13 

I'r.cent. 

Pr.cent. 

Pr.cent. 

Pr.cent. 

Pr  cent. 

Oct. 

.3 

]7() 

18.4!) 

17.21 

17.14 

12.82 

1.61 

09.33 

12.  S2 

73.  02 

.Oct. 

4 

183 

19.  .S3 

18.57 

18. 15 

10.97 

3.66 

55.  32 

11.00 

60.  88 

Oct. 

5 

189 

20. -^0 

19.  (iO 

19.43 

13.97 

2.49 

68.48 

14.03 

72.19 

Oct. 

11 

230 

21.  (.0 

20.  10 

20.10 

13.28 

2.87 

01.48 

13.  :;6 

60.  49 

Oct. 

13 

244 

21.20 

19.81 

19.73 

11.03 

3.91 

54. 80 

11.70 

59.30 

Oct. 

18 

276 

21.81 

20.  87 

20.  41 

14.84 

2.91 

68.  04 

14.92 

73.10 

Oct. 

23 

292 

17.  73 

16.00 

16.01 

11.  98 

1.48 

07.57 

12.07 

75.  46 

Oct. 

24 

304 

19.07 

17.77 

17.  25 

12.96 

1.29 

67.90 

13.  00 

75.69 

Oct. 

25 

313 

20.  34 

18.82 

18.  75 

14.41 

1.74 

70.84 

14.  51) 

70.  82 

Oct. 

26 

317 

21.23 

19.  .56 

19.47 

14.98 

l.flO 

70.  50 

15.08 

75.80 

Oct. 

27 

322 

20.  56 

18.85 

18.86 

14.  29 

1.34 

09.50 

14.40 

76.  40 

Oct. 

29 

331 

20.60 

18.85 

18.74 

14.49 

1.18 

73.  39 

14.00 

77.91 

Oct. 

30 

340 

20.57 

19.06 

18.68 

13.  99 

1.42 

08.01 

14.12 

7.5.  57 

Nor. 

2 

359 

20.  61 

18.71 

18.13 

13.67 

1.99 

00.23 

13.81 

76.02 

Nov. 
Mea 

3 

LIS  -- 

370 

18.67 

20.18 

16.99 

18.72 

17.01 
18.52 

12.  86 
13.41 

1.41 

68.88 

12.95 

70.18 

2.02 

06.70 

13.50 

72.  70 

TABLE  XYL-DIFFUSIOX  JUICES. 


Oct. 

4 

180 

13.65 

12.56 

12.10 

7.75 

2.60 

56.79 

7.  8J 

64.44 

?.t 

6 

192 

14.82 

13.36 

13.23 

9.43 

2.19 

03.  63 

9.49 

71.75 

9 

217 

13.57 

12.29 

12.21 

•  7.65 

2.19 

56,  06 

7.69 

63.  02 

Oct. 

11 

232 

13.85 

13.02 

12.98 

8.14 

2.59 

58.90 

8.16 

02.  80 

Oct. 

13 

246 

14.90 

14.04 

13.91 

9.48 

2.36 

03.  62 

9.02 

69.  36 

Oct. 

19 

278 

14.  05  . 

12.  74 

]  2.  29 

8.53 

2.13 

60.61 

8.57 

09.09 

Oct. 

23 

293 

10.78 

9.24 

9.28 

6.89 

1.27 

63.  91 

6.93 

74.  08 

Oct. 

24 

306 

11.41 

10.47 

9.98 

7.20 

1.27 

63.10 

7.24 

72.37 

Oct. 

25 

315 

12.  28 

11.01 

10.91 

8.64 

1.19 

70.35 

8.68 

79.00 

Oct. 

26 

319 

12.  38 

11.30 

11.20 

8.58 

L15 

09.  30 

8.02 

77.00 

Oct. 

30 

342 

11.22 

9.89 

9.80 

7.33 

1.20 

05.  32 

7.37 

75.19 

Nov. 

2 

361 

12.72 

11.12 

11.16 

7.48 

1.80 

58.  91 

7.53 

67.44 

Nov. 
Mear 

3 

IS 

371 

12. 47 

10.  82 

10.85 

8.33 

1.30 

06.80 

8.39 

77.30 

12.  93 

11.68 

11.53 

8.11 

1.79 

62.92 

8.16 

71.13 
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REPORT  OF  HUBERT  EDSON,  DOUGLASS,  KANS. 


I  herewith  submit  my  report  of  the  work  done  at  Doughxss,  Kans., 
during  season  of  1888. 

I  wish  to  call  attention  to  the  valuable  aid  given  mc  by  my  associate, 
J.  L.  Fuelling.  Without  his  assistance  much  that  has  been  accom- 
plished would  not  have  been  done. 

Also,  I  would  mention  the  hearty  co-operation  of  Mr.  Fred  Hinze  in 
the  sugar  house. 

After  one  or  two  trial  runs,  to  test  the  machinery  of  the  house, 
the  regular  manufacturing  season  at  Douglass  commenced  September 
14,  and  continued,  with  what  regularity  was  possible,  up  to  October  25. 

There  is  no  doubt  but  that  the  Early  Amber  was  ready  for  work  by 
the  middle  of  August  and  possibly  earlier.  When  I  arrived  in  Dong- 
lass,  August  26,  I  found  several  fields  that  had  passed  maturity.  This 
cane,  however,  contrary  to  experience  elsewhere,  did  not  deteriorate  in 
any  marked  degree  till  some  time  after  reaching  its  maximum  sucrose. 
When  the  house  was  closed  we  still  had  Amber  coming  in  in  large 
quantities,  and  contaiDing  sucrose  enough  to  warrant  working  it. 

Besides  the  Amber  the  two  other  varieties  chiefl^^  grown  w^ere  the 
Orange,  and  a  cane  identified  by  Mr.  Denton,  of  Sterling,  Kans.,  as  the 
Chinese. 

The  Amber  and  Chinese  contained  highest  sucrose  and  lowest  glu 
cose,  with  the  advantage  slightly  in  favor  of  the  Chinese.  The  Orange 
did  not  do  as  well  as  was  expected,  but  it  was  planted  so  late  in  the 
season  that  it  did  not  have  time  to  mature. 

The  exceedingly  variable  nature  of  the  cane  brought  in  was  a  source 
of  constant  annoyance,  nor  would  the  appearance  of  the  stalks  be  any 
criterion  of  the  quality  of  the  juice.  One  field  of  30  acres  which  had 
been  ordered  hauled  in  before  any  test  had  been  made  of  it  was  fount! 
on  the  arrival  of  the  first  load  to  contain  but  4.50  per  cent,  sucrose, 
with  almost  as  much  glucose.  This  cane  was,  judging  by  its  appear- 
ance, as  good  as  any  worked  during  the  season,  but  repeated  tests  of 
samples  taken  from  different  parts  of  the  field  failed  to  show  in  a  single 
instance  enough  sucrose  to  warrant  working  for  sugar.  jS'umerous  in- 
stances of  this  same  thing  were  fouml  throughout  the  season,  and  the 
cane  needed  the  closest  watching. 
94 
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One  tiling  it  would  be  well  to  iinpreSvS  upon  the  .sorgliuni  grower,  and 
that  is  tlie  necessity  of  growing  small  or  medium  sized  canes.  From 
numerous  trials  of  comparative  sami)les  the  highest  sucrose  and  lowest 
glucose  were  always  found  in  the  smaller  canes.  Fields  also  where  Ihe 
small  and  slender  canes  predominated  were  always  of  superior  quality. 
The  best  cane  analyzed  at  Douglass  was  a  sample  from  a  field  sowed  for 
fodder,  in  which  the  seed  had  been  scattered  broadcast  on  the  land,  and 
as  a  cousequence  grew  very  small.  Of  course  I  do  not  mean  to  advo- 
cate the  sowing  of  sorghum  seed  to  grow  a  product  for  the  sugar-house, 
as  then  too  large  an  amount  of  sheath  and  leaves  would  be  obtained, 
but  it  is  necessary  to  avoid  large  rank  stalks  if  the  desire  is  to  obtain  a 
high  content  of  sucrose. 

SUGAR-HOUSE. 

The  house  was  designed  to  work  100  tons  of  field  cane  daily.  The 
Hughes  cutter  and  shredder  were  used.  The  trap-door  just  before 
the  cutter,  through  which  it  was  intended  to  pass  the  seed  heads, 
failed  to  work  satisfactorily.  This  was  due,  in  part  at  least,  to  the 
heavy  feed  which  it  was  necessary  to  keep  on  the  narrow^  carriers  in 
order  to  supply  the  battery  with  chips.  The  shredder  when  properly 
adjusted  did  excellent  work,  tearing  the  chips  into  a  pulp  if  required. 

The  main  feature  of  the  house  was  the  diffusion  battery.  This  is 
known  as  the  Hughes  system  of  diffusion,  and  is  described  in  Bulletin  17, 
chemical  division,  Department  of  Agriculture.  The  one  at  Douglass 
differed  slightly,  however,  from  the  one  described  there.  The  main  bat- 
tery contained  ten  cells,  with  the  baskets  for  holding  chips  used  in  his 
process,  and  in  addition  to  these  an  outside  cell  was  placed  so  that 
the  arm  from  the  large  crane  could  reach  the  basket  while  immersed 
in  it. 

An  extra  crane  was  necessary  to  raise  and  lower  the  baskets  in  this 
cell,  as  it  had  to  be  worked  without  connection  with  the  main  battery. 

The  object  of  the  cell  was  to  give  a  dense  diffusion  juice  and  thus 
save  evaporation.  As  the  battery  progressed  the  heaviest  juice  from 
two  cells  were  drawn  into  the  outside  cell,  and  there  received  two 
baskets  of  fresh  chips  before  being  discharged.  This,  as  far  as  I  was 
able  to  see,  did  not  attain  the  object  claimed  for  it,  as  no  fresh  chips 
ever  reached  the  main  battery,  and  consequently  the  juices  were  more 
dilute  and  needed  the  addition  of  two  baskets  of  fresh  chips  to  bring 
them  to  a  normal  diffusion  juice.  It  is  certain  at  least  that  the  extra 
steam-power  required  to  run  the  outvside  cell  would  a  great  deal  more 
than  sufQce  to  evaporate  any  less  dense  juice  that  might  be  obtained. 

Before  passing  to  the  work  done  by  the  battery,  as  a  whole  it  is  but 
Just  to  say  that  there  were  mechanical  defects  in  the  construction  which 
if  they  could  have  been  remedied  this  season  would  have  materially 
assisted  the  quality  of  the  work.  The  bottom  of  the  baskets,  instead 
of  being  single  and  swinging  to  one  side,  were  double  and  hinged  to  a 
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ci  OSS-bar  cxteiKling  from  one  side  of  the  basket  to  the  other.  Asa  con- 
sequence of  this  arrangement  the  emptying  of  the  exhausted  chips  was 
a  very  diflicult  matter.  But,  on  the  other  hand,  a  basket  constructed 
strong  enough  to  permit  a  single  bottom  woukl  be  altogether  too  heavy 
to  use  where  so  much  of  the  work  is  done  by  hand. 

The  average  sucrose  of  the  fresh  chips  for  the  season  was  9.88  j  for 
the  exhausted  chips,  1.72.  The  extraction  of  sucrose,  therefore,  was 
9.88-1.72=8.16-^9.88=82.59  per  cent.  This  extraction  was  accom- 
panied by  a  dilution  of  52.45  per  cent.  1G.89  (Brix  of  fresh  chips)— 8.03 
(Brixof  diffusion  juice) ;  8.80—16.89  =  52.45  per  cent.  With  a  dilution 
of  this  sort  iu  a  closed  battery  practically  all  Ihe  sugar  would  be  ex- 
hausted instead  of  1.72  per  cent,  left  in  by  the  Hughes  process. 

It  was  noticed  that  a  regular  ratio  existed  between  the  exhaustion 
and  the  dilution.  As  the  dilution  was  increased  the  extraction  became 
better,  and  vice  versa. 

Besides  the  amount  of  sugar  left  in  the  chii^s  there  was  an  unknown 
waste  of  immense  quantities  of  juice  from  the  drippings  of  the  baskets 
in  transferring  them  from  the  eleventh  cell  to  the  cells  of  the  main 
battery.  This  loss  it  was  impossible  to  gauge,  but  to  any  one  who  saw 
it,  it  was  evident  that  no  inconsiderable  amount  was  lost. 

Toothing  which  we  could  think  of  to  make  the  battery  a  success  was 
left  undone.  For  part  of  the  time  I  shifted  all  of  the  laboratory  work 
to  my  associate,  Mr.  Fuelling,  and  took  charge  of  tbe  battery.  This  I 
was  prepared  to  d'o  from  a  previous  year's  work  with  the  inventor  of 
the  system,  with  whose  plan  of  running  the  battery  I  was  consequently 
familiar.  Although  the  quality  of  the  work  was  improved  after  tlie 
change  I  instituted,  it  was  so  far  from  being  good  diffusion,  that  nothing- 
was  left  to  do  but  to  condemn  the  apparatus. 

THE   DIFFUSION   JUICE. 

The  juice  as  it  came  fron)  the  cells  was  full  of  finely-divided  fiber 
which  had  come  through  the  perforations  of  the  baskets,  an.d  was  also 
of  such  a  dirty  black  color  tliat  it  was  impossible  to  clarify  it. 

Sulphites  of  lime  were  used  for  awhile,  as  were  also  superphosphates, 
but  both  were  so  full  of  sulphuric  acid  and  accomplished  so  little,  that 
they  were  discontinued. 

The  juice  probably  acquired  some  of  this  color  from  its  acids  attnck- 
ing  the  iron  vessels  in  which  it  was  kept  so  much  of  the  time,  but 
the  main  cau.se  was  the  passage  of  large  quantities  of  seeds  through  to 
the  diffusion  battery  along  with  the  fresh  chips.  As  was  mentioned  be- 
fore, the  cutter  was  too  narrow  for  the  capacity  of  the  house,  and  a  very 
heavy  feed  was  kept  on  the  carrier,  preventing  the  seed-heads  drop- 
ping down  through  the  trap-door  designed  for  that  purj)ose. 

To  illustrate  that  these  seeds  were  the  cause  of  the  discoloration,  ]Mr. 
Fuelling  diffused  two  beakers  lull  of  chips^  the  one  of  them  containing- 
(I  few  seed  and  the  other  none. 


97 

The  one  with  the  seed  gave  the  bhujk  color  characteristic  of  the  dif- 
fusion juice  from  tlie  house,  while  the  otlier  gave  a  [)erfectly  clear  liuipiil 
liquor.  I  eudeavorccl  to  have  the  superintendent  of  the  house  make  a 
run,  cutting  the  toj^s  oft  in  the  held,  but  he  failed  to  do  so. 

DLsrosiTiON  OF  EXHAUSTED  cuirs. 

During  the  first  part  of  the  season  a  long  carrier  was  used  to  convey 
the  chi])S  to  the  yard.  It  was  intended  to  extend  this  as  the  yard  tilled 
up,  but  the  chains  broke  so  often,  that  this  plan  was  given  up  and  the 
chips  taken  off  in  carts. 

The  centrifugals  did  very  poor  work  throughout  the  season;  but  so 
little  sugar  was  extracted  by  the  battery  that  it  was  not  considered 
necessary  to  get  new  ones. 

SUMMARY  OF  WORK. 

During  the  season  2,1G7  tons  of  cane  were  worked.  Allowing  25  per 
cent,  off  for  tops  and  leaves,  this  would  amount  to  1,023  tons  of  cleaned 
cane. 

Forty-five  thousand  pounds  of  sugar,  9tt.45  polarization,  were  obtained, 
or  20. 2  pounds  per  ton  of  clean  cane. 

Eliminating  the  loss  in  the  centrifugals,  which  would  have  been  rem- 
edied if  enough  sugar  had  been  obtained  to  justify  it,  the  great  loss  in 
working  the  house  was  in  the  battery. 

RESULTS  OF  ANALYSES. 
Table  No.  XVlI.—Sorfjhum  cane. 


Total 

I 

Date. 

No. 

solids 
by  Brix 
at  17.50 

Specific 
Kiavity. 

S'l- 
croso. 

Purity. 

1 

Cliarac'er  of  sample. 

Per  ct. 

1 

Sept.    5 

1G.34 

1.0669 

9.47 

57.  95 

Rlown-down  Amber. 

Sept.    5 

16.43 

1.  0674 

9.  32 

56.  73 

Standing  n])rigbr. 

Sept.    6 

1.5.84 

1.0648 

5.34 

33.  97 

Left  on  carrier  lor  five  da\8. 

Sept.    6 

17.62 

1.0727 

5.34 

30.31 

Do. 

Sept.    6 

22.14 

1.0882 

12.44 

56.  22 

Do. 

Sept.    7 

15.20 

1.0621 

9.61 

63.  25 

Ambrr  Iroru  ITolmos's  farm. 

Sept.    8 

16.54 

1.  0675 

6.15 

37. 12 

Lei  t  on  carrier  for  seven  day.s. 

Sept.    8 

18.21 

1.0753 

13.47 

73.  97 

Mediiini-sizcd  Amber  frcmi  liijlnnd. 

Sept.    8 

18.10 

1.0718 

10.83 

59.  83 

Medium-sized  Amber  IVom  lowland. 

Sejjt.    8 

17.64 

1.  0727 

13.16 

74.60 

Caiiu  Irom  lowland. 

Sopt.  11 

■"13" 

18.  ,50 

1.071:6 

12.87 

69.  .52 

Sport  cane,  11  fci-t  5  inches  long. 

Sept.  11 

U 

17.  22 

1. 0709 

3.73 

21.66 

Oan(i  from  carrier. 

Sopt.  12 

19 

20.63 

1.0855 

2.93 

14.20 

Cut  for  two  days. 

Sept.  12 

23 

17.  02 

1.0739 

12.  38 

68.  97 

(Jne  sport. 

Sept.  12 

24 

17.03 

1. 0739 

12.  88 

71.84 

Ambi-r. 

Sept.  13 

28 

17.11) 

1 .  0704 

11.37 

66.49 

Cliinese. 

Sept.  13 

2!) 

18.37 

1.0757 

11.65 

63.42 

WbitH  African. 

Sept.  13 

HO 

17.67 

l.OT'JO 

11.86 

67.12 

(Janr  Irom  (Juncb's. 

Soi)t.  13 

31 

1 7.  OS 

1.  [)7'M 

i3.:;o 

73. 97 

Stiindiu','  from  Mr  Algiers. 

Sopt.  13 

32 

17.  17 

1.0717 

1:!.  IS 

75.45 

fallen  from  .Mr.  Algieia. 

Sept.  13 

33 

17.  no 

1.0722 

9.  32 

53.  25 

-Amber  from  carrier. 

Sept.  13 

34 

16.  28 

1.0662 

11.45 

70.  3;< 

Or.mg.-. 

Sept.  13 

40 

li>.  00 

l.(:613 

10.21 

08.07 

Do. 

Sei)t.  13 

41 

18.67 

1.0~70 

1 2.  00 

64.26  , 

Amber. 

Sept.  13 

4-2 

17.6!) 

1.0726 

10.76 

60.  HI 

Do. 

Soj.t.  13 

4i 

1.5.  83 

1. 0617 

10.57 

66.77 

Or.uige. 

i405U~Bull,  20- 
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Table  No.  XVll.—SorgJium  c«?jc— Coutiuiied. 


Total 

Date. 

No. 

>olicls 
jy  Bdx 

itl7.5o 

Spcci6c 
gravity. 

Su- 
crose. 

Purity. 

Perct. 

Sept.  14 

49 

15.27 

1,0621 

9.09 

59.  55 

Sept.  U 

50 

8.52 

1.0327 

3.75 

44.23 

Sept.  14 

51 

15.77 

1.  0643 

10.20 

64.64 

Sept.  14 

52 

16.33 

1.0669 

11.99 

79.54 

Sept.  14 

54 

IG.OO 

1.0656 

10.29 

64.31 

Sept.  If) 

03 

17.93 

1.0739 

12.41 

69.  21 

Se])r.  17 

77 

17.  .54 

1.07'>2 

11.48  1 

65.45 

Sept.  17 

81 

11.57 

1.0464 

5. 13  1 

42.  61 

Sept.  17 

82 

15.97 

1.0652 

9.81 

61.42 

Sept.  17 

83 

15.74 

1. 0043 

10.88 

69. 12 

Sept.  17 

84 

14.14 

1. 0574 

8.59 

60.74 

Sept.  17 

85 

18.32 

1.  0757 

12.28 

67.03 

Sept.  17 

8i; 

17.87 

1. 0735 

12.03 

07.32 

Sept.  17 

87 

16.27 

1.0GG5 

9.55 

58.69 

Sept.  17 

88 

19.05 

1.0788 

12.87 

07.53 

Sept.  17 

92 

16.72 

1. 0C87 

10.10 

60.41 

Sept.  17 

95 

18.21 

1.07.53 

9.65 

52.99 

Sept.  18 

95 

15.79 

1  0643 

9.48 

00.04 

Sept.  18 

96 

12.40 

1.0502 

7.15 

57.60 

Sept.  18 

105 

15.38 

1.  0626 

8.97 

58.32 

Sept.  19 

lOG 

14.22 

1.0578 

8.48 

59.63 

Sept.  T.) 

107 

16.19 

1.  0(J60 

9.68 

59.79 

Sept.  19 

108 

13.60 

1.0553 

8.  06 

59.  26 

Sept.  19 

109 

18.92 

1.0783 

12.  67 

66.96 

Sept,  19 

110 

10.77 

1.0430 

5.40 

50.14 

Sept.  19 

112 

21.17 

1.0909 

15.08 

71.23 

Sept.  19 

113 

19.83 

1.0824 

14.14 

71.30 

Sept.  19 

114 

16.98 

1.  0695 

11.  52 

67.84 

Sept.  21 

117 

9.77 

1.0388 

4.71 

47.18 

Sept.  21 

118 

10.57 

1.  0422 

5.30 

50.14 

Sept.  22 

127 

13.83 

1.0.561 

9.08 

05.73 

Sept.  23 

141 

17.72 

1.  0730 

11.33 

63.93 

Sept.  2G 

177 

17.90 

1.0739 

12.  46 

69.  55 

Sept.  2(5 

178 

17.75 

1.  0732 

12. 18 

C8.^9 

Sept.  2G 

187 

15  06 

1.0C13 

8.  61 

57.17 

Sept.  2G 

189 

15.77 

l.()G43 

8.76 

55.55 

Sept.  26 

190 

17.23 

1.  07U9 

11.51 

66.60 

Sept.  28 

203 

10.92 

1.  0439 

4.75 

43.49 

Sept.  28 

204 

20.24 

1.0841 

15.  GO 

77.07 

Sept.  29 

20G 

19.30 

1.0801 

14.65 

76.00 

Sept.  29 

207 

18.49 

1. 0761 

11.72 

63.  32 

Oct.      1 

212 

19.14 

1. 0806 

13.36 

75.02 

Oct.      1 

213 

19.19 

1.0828 

14.37 

74.88 

Oct.      2 

227 

18,10 

1.0718 

13.58 

75.  02 

Oct.      2 

228 

18.25 

1.  0753 

6.  36 

34.85 

Oct.      3 

245 

18.03 

1.  0744 

12.61 

G9.99 

Oct.      3 

246 

13.20 

1.0536 

6.53 

49.39 

Ocr.      4 

2.^)7 

15.  .54 

1,  0634 

9.48 

61.00 

Oct.      4 

258 

14.70 

l.OGOO 

6.21 

42  0>') 

Oct.      5 

272 

17.  73 

1.  mo. 

11.48 

64.74 

Oct.      5 
Oct.      5- 
Ocr.      5 
Oct.      5 

273 
274 
275 
27G 

17.06 
20.  31) 
18.00 
19.00 

11.98 
15.03 
12.37 
12.99 

70.  22 

74.04 

68.72 

68.36 

Oct.      5 

277 

16.60 

10.  88 

65.54 

Oct.      0 

280 

13.82 

8.15 

58.97 

Oct,      G 

287 

18.34 

13.13 

71.59 

Oct.      8 
Oct.      8 

300 
301 

13.35 
16.  G7 

7.58 
11.00 

56.78 

65.98 

Oct.      8 
Oct.    10 

308 
322 

15.29 
12.  95 

9.09 
5.95 

60.10 

4?.  94 

Oct.    12 
Oct.    12 

342 
343 

12.19 
17.60 

5.51 
11.21 

45.20 

03.70 

Oct.    15 

371 

19.23 

12.42 

64.  58 

Oct.    18 
Oct.    10 

37G 
391 

9.54 
15.10 

4.04 
8.96 

48.67 

59.  39 

Oct.    19 

392 

12.75 

5.  55 

43.48 

Oct.    20 
Oct.    20 
Oct.    20 
Oct.    20 

398 
399 
400 
401 

14.27 
17.77 
17.60 
15.  C3 

6.88 
12.75 
12.13 

8.07 

48.31 

71.75 

69.  92 

51.63 

Oct.    20 
Oct.    20 
Oct.    20 

1     402 
403 
404 

13.78 
14.56 
15.  G9 

8.62 
8.60 
9.  .54 

CI.  82 



52.  19 

CO.  eo 

Oct     2(1 
Oct.    20 

405 
400 

1 

17.  62 
16.38 

11. F5 
9.75 

67.  25 

CI.'jG 



!Me:ui 

16.39 

1.0681 

1 

1     10.03 

!     60.64 

Character  of  sample. 


Mixed  caucs. 
Orange. 

Do. 

Do. 
Amber  from  carrier. 
Chiiie.se. 
Orauge. 
Mixed  Amber. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Orange. 
Amber. 
Jersey  Orange. 
Sjjrout.s  from  above. 
Kansas  Urauge. 
Mixed  Amber. 
Late  Orange. 
Amber. 
Chinese. 
Orange. 

Do. 

Do. 
Mixed  Amber. 
Spoit  cane. 
Mixed  cane. 

Do. 
Cane  red  at  heart. 
Orange. 
Amber. 
Orange. 

Small  Orange,  planted  close. 
Mixed  cane. 
Cane  from  carrier. 
Amber. 
Chinese. 
Amber. 
Orange. 

Do. 

Do. 
Amber. 

J  »o. 

Do. 

Do. 
Small  cane. 
AVhite  Al'rican. 
Oraiiue. 

bo. 

Do. 

Do. 

Do. 

Do. 

Do. 
An)l)er. 
Orange. 
"White  African. 
Amber. 
Otange. 
White  Aliioau. 
Orange. 

Orange,  tirot  i'rost. 
Oiange. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 
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Table  XYIIL— Fresh  chips. 


Date. 


Sept.  14 
Sept.  14 
Sept.  15 
Sept.  15 
Sept.  16 
Sept.  16 
Sept..  17 
Sept.  17 
Sept.  17 
Sept.  21 
Sept.  22 
Sept.  22 
Sept.  23 
Sept.  23 
Sept.  23 
Sept.  23 
Sept.  24 
Sept.  24 
Sept.  24 
Sept.  25 
Sei)t.  25 
Sept.  25 
Se])t.  2fi 
Sept.  26 
Sept.  27 
Sept.  27 
Sept.  27 


:so. 


Oet. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
O.t. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oet. 
Oct. 
Oet. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


Total     I 
jolids  by  1  Sucroso 
Brix.1t    |»«^^oso. 

17.5°. 


56 
CO 
64 

(59 
73 
78 
90 
97 
101 
119 
123 
130 
134 
138 
143 
14() 
150 
l.=)4 
15.S 
165 
1C9 
173 
170 
183 
191 
105 
199 
208 
214 
217 
220 
223 
229 
232 
235 
242 
247 
252 
259 
263 
267 
278 
288 
292 
290 
304 
309 
314 
318 
327 
•  332 
337 
344 
3.-10 
355 
3:-9 
363 
307 
372 
377 
387 
391 
407 
414 
424 
428 
432 

Mean. 


10.  50 
18.71 
10.  25 
18.00 
17.77 
18.80 
10.  51 
21.34 
19.25 
13.  32 
15.75 
1.5.20 
15.17 
17.13 
17.11 
17.79 
10.61 
10.  10 
16.82 
1.5.  23 

17.  03 
18.25 
17.49 
17.20 
15.  37 
19.25 
17.21 
18.22 
16.00 
18.18 
10.50 
10.10 
14.43 
14.72 
15.  69 
16.45 
16.60 
17.78 
18.43 
17.32 
17.48 
16.07 
16.81 
17.53 
17.01 
10.88 
15.41 
19.41 
10.79 
10.81 
17.00 
18.58 
18.11 
17.70 
15.31 
18.70 
15.40 
17.99 
16.06 
17.47 
17.87 
14.18 
15.  .50 
13.  50 

18.  15 
10.  05 
15.  23 


Per  cent. 
9.  51 

9.  75 
8.S5 
9.20 

10.07 

12.33 

9.73 

15.02 

12.  90 

5.40 

9.10 

9.61 

7.86 

11.12 

10.88 

10.56 

10.45 

9.10 

10.  .55 

7.85 

10.40 

11.25 

10.  69 
9.  75 
7.72 

11.  9 
9.  72 

11  2;i 
8.87 

11.74 
8.50 

10.47 
8.50 
9.37 
9.51 
9.63 
9.19 

10.03 

11.20 
9.88 
8.99 
9.19 
9.12 

11.81 

10.88 
9.76 
8.29 

11.30 
9.83 
9.37 
9.32 

12.  35 
10.95 
10.88 

8.81 
11.64 

8.24 
10.60 

8.97 

10.  48 
9.57 
7.20 
8.33 

7.  32 
10.98 

8.  8S 
8.03 


Purity.     Glucose. 


57.  04 
52.  liO 
54.86 
51.  11 
00.04 
05.  37 

58.  93 
70.38 
67.01 
40.54 
57.78 
63.  22 
51.  81 
01.91 
63.  59 

59.  30 
02.  91 
50.  52 
62.  72 
51.54 
61.41 
07.  12 
01.12 
50.  70 
50.  20 
60  21 
50.  48 
01.90 
53.43 
04.57 
51.08 
65.  03 
59.37 
6:!.  05 

60.  01 
58.54 
5.x  30 
56.51 
00.77 
57.04 
51.43 

57.  00 

54.  25 
67.37 
04.  55 
57.88 
.53.  83 
58.22 

58.  55 

55.  74 
54.  82 
06.47 
60.46 
61.47 
56.90 
61.71 
53.  30 
59.17 


Per 


00.  43 
5  4.10 
51.  24 

53.  77 

54.  04 
0.».  50 

55.  34 
50  70 


10.89 


9.  88 


53.  34 


cent. 
3.25 
4.59 
3.80 
3.70 
3.  03 
2.  93 
3.24 
2.37 
2. 10 
2.72 
2.90 
2.81 
3.21 
1.40 
2.81 
2.  58 
2.  5H 
3.07 
2.00 
3.93 

2.  95 
2.27 
2.91 
3.12 
3.47 
3.85 
3.48 
2.37 

3.  55 
2.33 

3.  80 
2.14 

2.  55 
2.45 
2.59 
3.15 
3.22 
3.23 
2.71 
2.95 

4.  20 
3.03 
3.13 
2.21 
2.35 
2.85 

3.  30 
3.  35 
3.00 
3.  10 
3.45 
2.  25 
2.95 

2.  7:! 
2.95 
2.05 
3.80 

3.  06 
3.00 
3.88 
3.43 
3.62 
2.98 
2.84 
3.  09 
2.93 
2.  8  ! 

3.01 


Albunii- 
iioitl.i. 


Per  cent. 


.51875 


57187 


53125 


(8750 


1. 04378 
.62812 


,6312.-. 
. 3o750 


40250 
54325 
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Table  XIX.— Diffusion  Juice. 


Tolal 


Date. 


No.    i  ^^]V^^  ^l    Sucrose.      Purity.  '  Glucose, 


Sept.  14 

Sept.  15 

Sept.  15 

Sept.  ]G 

Sept.  Ki 

Sept.  ]7 

Sept.  17 

Sept.  18 

Sept.  18 

Sept.  21 

Sept.  22 

Sept.  22 

Sept.  23 

Sept.  2  { 

Sept.  23 

Sept.  23 

Sept.  24 

Sept.  24 

Sept.  24 

Sept.  25 

Sept.  25 

Sept.  25 

Sept.  25 

Sept.  26 

Sept.  26 

Sept.  27 

Sept.  27 

S.  pt.  27 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

O.t. 

Oct. 

Oct. 


61 

0.5 

70 

74 

79 

91 

9rf 

102 

120 

124 

]3l 

135 

130 

144 

147 

]5l 

1.55 

iro 

162 
160 
170 
174 
180 
18t 
192 
196 
200 
209 

.  215 
218 
221 
224 

-  230 
2;i6 
243 
248 
253 
2G0 
264 
268 
279 
2S9 
293 
297 
305 
310 
315 
319 
32S 
333 
338 
315 
351 
356 
360 
364 
368 
376 
378 
38-! 
395 
408 
415 
4-25 
429 
433 

Mean 


6.37 
5.  13 

4.  ;!8 

5.  44 

6.47 
(i.  Ot 
6.00 
4.81 

6.  55 
4.57 
5.  45 
6.31 

5.  40 
5.86 

7.  04 

6.  4S 
6.00 
5.33 
6.92 
6.86 
8.94 
9  00 
8.45 

10.25 

11.63  I 

9.49  ! 

9.00  i 

8.49  ' 

8.  01  I 
8.30  I 
8.21 
7.10  i 
7.6o  j 
0.55  I 
7.91  I 
9.12 
9.06 
9.55  i 
9.75 
9.89 

10.79 
10.07  I 
11.07 
11.21 
10.83  ' 
0.82  ' 

9.  95  ' 
9.14 

10.15 
8.79 

7.  .5H 
7.  SO 
9.00 

10.  .54 
9.07  I 
7.52  ! 
9.34  i 
9.38 
7.70  I 

8  39 
8.25 
8.23  '' 

9  22 
7.75  ' 
8.34 

8.00 


Per  cent. 
4.  16 
3.92 
2.71 
2.67 
3.40 

3.  57 

4.  (•" 
4.21 
3.95 
2.78 
3.94  ' 
2.77  j 
3.19 
4.13 
3.53  1 
3.72  ' 
4.49 
3.92 
3.62  I 
3.72  I 

.  4. 12  I 
4.04 
5.24 
5.31 
4.92 
5.91 
6.45 


4. 

4. 

4. 

4. 

4.28 

3.41 

4.40 

5.09 

4.99 

5.15 

5.61 

5. 12 

6  30 

5.92 

7.02 

6.67 

6.15 

5.45 

5.87 

5.18 

5.18 

5.60 

4.45 

4.91 

5.  62 

6.11 

.5.  26 

4.51 

.5.31 

5.21 

4.30 

4.  28 
4.94 
4.66 

5.  43 
3.  99 
4  SO 

4.69 


59.  01 
61.54 
.52.77 
60.95 
62.  93 
61.67 

62.  90 
69.62 
65.  86 
57.79 
60.15 

60.  6 1 
51.53 
68.33 
65.37 
63.48 

63.  78 
60.49 
CO.  33 
47.72 
59.53 
5S.89  ' 
58.60 
59.(0 
58.  23 

58.  14 
57.18 
57.22. 
6.5.  11 
55.  59 

59.  17 
53  73 
59.68 

57.  18 
55.87 
52.  06 
55.  62 
5.5.81 
55  07  , 
53.92  : 
57.54 
51.78 
58.38 
58.78 
63.41 
.59.50 
5'!.  79 
."5  49 

58.  99 
56.67 
51.03 
63.70 
.58.71 
61.23 
62.67  , 
.57.97  I 
57.97  ! 
62.67  . 
57.82  I 
55.  55  I 


54.  31 
51.  13 
59.91 
56.  72 
.58.  91 
51.61 


58.  63 


Glucose. 

Albanii- 
Qoids. 

Per  cent. 
1.60 

Per  cent. 

1.21 

1.26 
.83 

'            .98 

1.00 

'          1. 11 

i             .82 

!             .78 

.94 

1.19 
.94 

1.06 

1.00 
.82 

1.03 

1.08 
1.15 
1.05 
1.18 
1.10 
1.20 
1.28 
1.60 
1.49 
1.51 
2.26 
1.87 
1..53 
1.61 
2.57 
1.53 
1.25 
1.30 
1.38 
1.86 
1.31 
1.44 
1.42 


1.42 
1.82 

1.80 
1.68 
1.62 
1.74 
1  91 
1.8S 
1.44 
1.76 
2.02 
1.30 
1.18 
1.24 
1.30 
1.78 
1.62 
1.  14 
1.59 
2.(0 
J. 51 
2.08 
1..57 
1..50 
1.75 
1.71) 
1.72 

1.41 


26250 
'22500 


33437 


33750 


334.50 
33125 


. 35000 
'2.3125 


, 38775 


34687 
28 137 
28125 


25625  I 
27187  I 


31250 
30218 
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Table  XX.— Clarified  juice. 


Date. 


Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct.  11. 
Oct.  12. 
Oct.  12. 
Oct.  1.-?. 
Oct.  1.5. 
Oct.  1.5. 
Oct.  17 
Oct.  17. 
Oct.  18. 
Oct.  19. 
Oct.  20. 
Oct.  20. 
Oct.  21. 
Oct.  23. 
Oct.  2,3. 
Oct.  24.. 


No. 


2;54 
2fil 
20.") 
269 
280 
290 
294 
298 

-.m; 

311 
310 
32U 
329 
331 
339 
340 
352 
357 
301 
365 
369 
374 
379 
389 
390 
409 
410 
420 
430 
434 


Highest  . 
Avei'age 
Lowest  . 


Total 
solids  by 
Brix  at 

17.5°. 


9.32 

9.36 

9.97 

10.10 

14.45 

12.33 

12.  98 

11.56 

11.04 

11.80 

10.34 

10.  61 

10.00 

10.55 

9.05 

7.92 

8.04 

9.22 

11.23 

10.  41 

8.14 

9.  45 

10.08 

7.64 

8.90 

8.47 

8.32 

9.24 

7.90 

8.77 


14.45 
9.91 
7.64 


Per  cent. 
5.20 
4.98 

5.  42 
5.71 
7.  6S 
6.76 
7.59 
7.23 
6.35 
0.57 
5.74 
6.01 
5.42 
5.37 
5.57 
4.61 
4.75 
5.59 

6.  34 
5.46 
4.88 
5.20 
5.52 
4.17 
4.63 
4.96 
4.57 
5.57 
3.97 
4.49 


itv. 


57.  52 
54.  27 

54.  36 
56.54 
53. 15 
51.83 

58.  63 
64.  29 
57.22 
.56.  24 

55.  51 
56.64 

54.  20 
50.90 
61.37 
58.21 

59.  08 

60.  63 
.56.  46 
52.54 
59.99 
55.06 
44.81 
54.77 
51.72 

55.  67 
54.99 
60.36 
50.34 
51..20 


Glucose, 


Per 


5.55 
3.97 


64.29 
55.81 
44.81 


cen  t. 
1.48 
1.08 

1.  61) 
1.46 
2.00 
2.20 

2.  24 
1.48 
1.80 
1.91 
1.72 
1.68 
1.76 
2.16 
1.30 
1.20 
1.14 
1.44 
1.86 
1.84 
1.09 
1.  GO 
2.02 
1.43 
2.04 
1.55 
1.60 
1.  82 
1.75 
1.77 


2.60 
1.71 
1.09 


Albumi- 
uoida. 


Per  cent. 


.43437 


.30625 
^32500 


.324.-0 
.33750 
.25625 


.42500 


.31250 
.28125 
.27187 


.26502 
.27185 


.33125 


.43437 

.31871 
.25625 


Lime. 
Sulphite  used. 


No  lime  used. 


Table  XXL— Semi-sirup. 


I 


Total 

Total 

Date, 

No. 

.solids  bv 

Brix  at 

17.50. 

Sucrose. 

Purity. 

Glu- 
cose. 

Date. 

No. 

solids  by 
brix,  at 
17.5°. 

Sucrose. 

Purity. 

Glu- 
cose. 

Per  ct. 

Per  ct. 

Per  ct. 

Perct. 

Sept.  15. 

59 

41.10 

22.17 

53.17 

9.09 

Sept.  26. 

186 

84.00 

48.52 

57.  76 

16.01 

Sept.  15. 

67 

34.10 

18.32 

53.43 

7.69 

Sept.  27. 

198 

37. 15 

22.  31 

60.05 

6.41 

Sept.  16. 

72 

34.87 

19.17 

54.97 

6.99 

Sept.  27. i  20i 

39.68 

23.  03 

58.04 

7.54 

Sept.  16. 
Sept.  18 

76 

17.63 

7.71 

Oct.      1. 

'^11 

35.  86 

21.56 

60.12 

6.82 

94 

50.46 

26.77 

.53.  05 

8.04 

Oct.      2. 

226 

37.68 

21.90 

58.13 

7.04 

Sept.  18. 

100 

37.38 

23.76 

63.56 

5.61 

Oct       3 

238 

39.58 

23.71 

59.90 

6.73 

Sept.  18. 

104 

38  42 

24.  80 

64.55 

.5.  35 

Oct.     4. 

256 

38.05 

22.  02 

57.92 

6.50 

Sept.  22. 

122 

35.68 

17,  34 

48.  59 

9.86 

Oct.      5. 

271 

38.47 

22.73 

59.08 

6.92 

Sept.  22. 

126 

39.12 

20. 12 

51.43 

9.  55 

Oct.      9. 

313 

36.92 

23.08 

62.51 

6.13 

Sept.  23. 

133 

33.16 

19.05 

57. 45 

6.65 

Oct.    10. 

331 

43.  93 

25.62 

58.32 

8.23 

Sept.  23. 

137 

36.03 

20.85 

57.87 

6.90 

Oct.    11. 

341 

43.95 

25.68 

58.  43 

8.26 

Sept.  23 

142 

31.90 

19.71 

61.79 

5.96 

Oct.    13. 

354 

39.50 

23.  42 

59.  29 

6.79 

Sept.  24. 

149 

37.98 

23.49 

61.85 

6.44 

Oct.    19. 

393 

23.33 

8.81 

Sept.  24 

153 

40.30 

25.59 

63.50 

7.30 

Oct.    21. 

418 

48.10 

28.40 

59.05 

9.39 

Sept.  24. 
Sept.  25. 

157 
164 

36.72 
37.04 

22.  73 
20.53 

61.91 
55.  42 

0.87 
6.72 

Highest 

84.  00 

48.52 

64.55 

16.01 

Sept.  25. 

172 

56.46 

33.54 

59.40 

12.49 

Average 



41.22 

23.79 

57.99 

7.81 

Sept.  26. 

176 

45.  60 

25.16 

55.18 

7.85 

Lowest 

3L90 

17.34 

48.59 

5.  35 

Sept.  26. 

182 

48.57 

29.02 

51.92 

9.11 
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Table  XXII.— .Vasse  cuHe. 


Date. 

Sucrose, 
Xo.      Sucrose,      double 
pol. 

Glucose.  Moisture. 

Sept.  12 

'  Per  cent.    Per  cent. 
22          39. 00      

Per  cent.  Per  cent. 
21.10 

First  strike. 
Second  strike. 
Fourth  sirikc. 
Fifth  strike. 
Seventh  strike. 
Eijilith  strike. 
Sixth  strike. 
Ninth  strike. 
Tenth  strike. 
Eleventh  strike. 
TwelfUi  strike. 
Thirteenth  strike. 
Second  masse  cuite. 

Sept.  22 

Oft.     3 

Oct.     8 

128  1        53.44 
2.. 9           54.  34 
282           51.31 

15.43           17.59 

17.  05  1  16.  50 
1.5.20  20.85 
15.  .57  :  2U.79 
18.93  16.86 
16.08           19.24 

-  16.77  1  19.10 
16.43  1  22.25 
16.60  ;  24.70 
17.69  1        21.43 

18.  35           17.  09 

19.  02           23.  00 



:::::.:: 

Oct.     X 

Oct.     8 

2S5  :        55.  60 
303           51.60 
323           52.60 
326           53. 50 
381           50. 00 
384           49. 00 

57.20 
55.00 
55.00 

Oct.    10 

Oct.   10 

Oct.    18 

Oct.    18 - 

52.80 
R')  Hi) 

Oct.    20 

Oct.   21 

411            50.20  ;         55.00 
419           51.60            52.80 
439           44.00           46.64 

Uct.   30 

ITio-hest 

57.20 
.53.41 
46.64 

55. 60 

21.10    

-A.veT'a^'e  . 

50  48 

17.  25  20.  00 
15.29    

Lowest    

39.00 

Table  XXIII. —.S'^^ro-, 


Sept.  19 

111           89.80 
129           93. 51 
240  1         95.04 
283           95. 00 
324  i        91.08 
3-18  j        9.-..  00 
383           93. 60 
385           9.3. 60 
413           96.00 

First  strike. 
Second  strike. 
Fourth  strike. 
Fifth  strike. 
Sixth  strike. 
Seventh  strike. 
Tenth  strike. 
Eleventh  strike. 
Twelfth  strike. 
Thirteenth  strike.        1 

Roboilod  sugar. 
Second  sugars.               i 

Sept.  29 

Oct.     3 



Oct.     6 

Oct.   10 



Oct.   12 

Oct.   18 

Oct.    18 



Oct.   20    

Oct.   21 

421           96. 40 
423  I         94.40 
437            99. 60 
440            ?4. 00 

Oct.    21 

Oct.    21 

Oct.   21 

Highest 

99.60 

Averaf^e  . 

i        94.45 

]        89.80 

1 

Table  XXIV. — ATolasscs. 


Oct.   3 

Oct.    6   

241 
284 

Oct.  10 

Oct.  12         

325 
349 

Oct.  18 

382 

Oct.  18 

Oct.'JO 

Oct.  21 

385 
412 
420 

Oct.  21 

Oct.  30 

422 

441 

Highest 

Average 
Lowest . . 


36.11 
38.  CO 
38.40 

37.  CO 
44.00 
46.00 
39.10 

38.  40 
42.  00 
42.  00 


16.  UO 
40.16 
36.11 


4L80 
39.60 


48.40 
41.80 
41.14 

44.00 
41.10 


4S.4') 
42.96  1 
39.60  , 


17.27 
19.76 
18.11 
21.29 
22.48 


17.77 
18.40 
20.05 
17.40 


22.86 
28.85 
27.66 
23.59 
22. 84 
23.  05 
27.76 
26.  05 
23.  29 
27.08 


Fourth  strike. 
Fifth  strike. 
Sixth  strike. 
Seventh  strike. 
Tenth  strike. 
Eh'venth  stiike. 
Tw.drth.strii<e. 
Thirteenth  strike. 
Ninth  striko. 
l-roiu  seconds. 
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Tablk  XXV.— .E^x  chips. 


Total 

1 

Total 

Date. 

No. 

solitis  by 

Su- 
crose. 

Turity. 

Glu-  i 
coso. 

Date. 

No. 

aolids  by 
J5rix 

Su- 
crose. 

Purity. 

Glu- 
coae. 

at  17.5°. 

atn.bo. 

P.ct. 

P.c! 

P.ct. 

r.ct. 

.Sopt.  14. 

58 

3.81 

1.43 

37.53 

.56 

Oct. 

3.. 

249 

3.36 

1.  .59 

47.35 

.  5'J 

Sept.  15. 

62 

3.64 

1.43 

39.  29 

.70 

Oct. 

4- 

255 

4.72 

2.  35 

49.81 

.75 

Sept.  15 

66 

2.90 

1.29 

44.48 

.50 

Oct. 

4.- 

202 

4.70 

2.  38 

50.  6 1 

.72 

Sep'.  10. 

71 

2.34 

.97 

41.45 

.35 

Oct. 

4.- 

260 

3.  50 

1 .  02 

45.51 

.01 

Se|.t.  16. 

75 

3.  10 

1.42 

45.  81 

.45 

Oct. 

5  . 

270 

3.68 

1.68 

45.  65 

..53 

Sept.  17     80 

3.73 

1.69 

45.  31 

..55 

Oct. 

0.. 

281 

6.00 

2.8>) 

40.  (i7 

.99 

Sept.  18 

99 

3.88 

2.05 

52.81 

.34 

Oct. 

0. 

291 

0.  17 

3.58 

58.  02 

1.06 

St>i>t.  21 

121 

2.  51 

.87 

34.80 

.81 

Oct. 

7.. 

295 

5.01 

3.  00 

54.  25 

.63 

Sept.  '12 

125 

2.  75 

1.59 

57.82 

.44 

Oct. 

7- 

299 

5.76 

2.70 

46.87 

.02 

Sept.  '22. 

132 

1.95 

.^9 

45.  63 

.33 

Oct. 

8-. 

307 

4.53 

2.  25 

49.  67 

.08 

Sept.  23. 

136 

2.  34 

1.04 

44,44 

.40 

Oct. 

9.. 

312 

4.  58 

2.39 

52.18 

.69 

Sept.  23-1110 

3.37 

1.58 

46.88 

.53 

Oct. 

9.. 

317 

4.23 

2.  03 

47.  99 

.70 

Sept.  23  [14S 

3.25 

1.52 

40.77 

.49 

Oct. 

10 

321 

4.29 

2.  03 

47.  32 

.09 

Sept.  24  [152 

2.  76 

1.44 

52. 17 

.30 

Oct. 

10. 

330 

3.  93 

1.93 

49.11 

.60 

Sept.  24    156 

2.70 

1.26 

46.66 

.47 

Oct. 

11. 

335 

5.12 

2.50 

48.83 

1.12 

Sept.  24. 

160 

3.57 

1.8.) 

51.82 

.48 

Oct. 

11 

340 

3.85 

2.13 

.55. 32 

.27 

Sept.  25. 

163 

1.97 

.94 

47.  72 

.32 

Oct. 

12. 

347 

5. 01 

2.61 

52.  10 

.70 

Sept.  25. 

167 

3.84 

1.8.5 

47.  05 

.73 

Oct. 

12 

353 

3.08 

2.00 

54.  35 

..53 

Sept.  2.') 

171 

3.46 

1.77 

51.15 

.50 

Oct. 

13. 

358 

3.41 

1.80 

52.  94 

51 

.     Sept.  25. 

175 

2.95 

1.35 

45.  75 

.44 

Oct. 

15- 

362 

3.36 

I.  01 

47.  92 

.50 

Sept.  26 

181 

2.32 

1.21 

50.80 

.38 

Oct. 

15 

366 

3.77 

1.68 

4  4.  .58 

.72 

Sept.  2(i. 

185 

3.60 

1.87 

51.04 

.57 

Oct. 

17. 

370 

3.30 

1.75 

53.  03 

.00 

Sept  ii7 

103 

3.03 

1.49 

49.17 

.50 

Oct. 

17. 

375 

3.  00 

].41 

47.  00 

..50 

Sept.  27 

197 

3.97 

2.04 

51.38 

.04 

Oct. 

18. 

380 

4.  02 

1.65 

40.  05 

.77 

Sept.  27. 

201 

3. 95 

2.04 

51.04 

.82 

Oct. 

la 

390 

4.00 

1.38 

36.  t^O 

.53 

Cct.    1.. 

210 

3.18 

1.57 

49.37 

.42 

Oct. 

20 

397 

3.20 

].06 

33. 12 

.01 

Oct.    I.- 

216 

2.77 

1.49 

53.79 

.51 

Oct. 

20 

410 

2.99 

1.22 

40.  (JO 

.01 

Oct.    2  . 

219 

3.50 

1.99 

56.  85 

.50 

Oct. 

21. 

417 

2.  10 

.85 

40.47 

..34 

Oct.    2.. 

22'> 

3.  07 

1.43 

46.  58 

.59 

Oct. 

23. 

427 

4.70 

2.13 

46.  85 

.73 

Oct.    2.. 

225 

2.63 

1.50 

.59.  32 

.41 

Oct. 

23. 

431 

3.18 

1.18 

37.36 

.57 

Oct.    2. 

231 

].98 

l.Ol 

51.79 

.30 

Oct. 

24. 

435 

3.40 

1.19 

35.  00 

.47 

Oct.    3   . 
Oct.    3.. 

233 
•?37 

3.00 
3.42 

1.36 
1.75 

45.33 
51.17 

.49 

.48 

Mean  . . 

3.58 

1.72 

47.72 

.57 

Oct.    3. 

244 

3.93 

1.98 

50.38 

.60 

Table  XXYl.— Acidify  of  mill  juices. 
[Calculated  to  malic  acid.] 


Date. 

Fresh  chip  juice. 

Diffusion  of  juice. 

No. 

Specific 
gravity. 

N 

id 
c.  c.  of 
NallO. 

Per 
cent. 

of 
acid. 

No. 

Specific 
gravity. 

N 

10 
c.  c.  of 
NaHO. 

Per 
cent. 

of 
acid. 

Oct.  10 

Oct.  10 

Oct.  11 

Oct.  11 

Oct.  12 

Oct.  12 

Oct.  13. 

Oct.  15. 

Oct.  15 

Oct.  17 

Oct.  17 

Oct.  18 

Oct.  19 

Oct.  20 

Oct.  20 

Oct.  21 

Oct.  23 

Oct.  23 

Oct.  23 

Mean 

318 
327 
332 
337 
344 
350 
355 
359 
363 
367 
372 
377 
387 
394 
407 
414 
424 
128 
429 

1.  0682 
1.  0678 
1.0709 
1.  0757 
1.  0757 
1.0294 
1.0013 
1.0766 
1.0617 
1.  0717 
1.  0634 
1.0704 
1.0720 
1.  0553 
1.  0626 
1.0557 
1.0739 
1.  0639 
1.0290 

6.9 
9.3 
0.9 
7.8 
8.2 
7.6 
9.3 

u 

8.2 
8.1 
5.9 
7.6 
3.1 
4.0 
3.7 
5.0 
5.8 
2.8 

.17 
.23 
.17 
.17 
.29 
.19 
.23 
.19 
.18 
.20 
.20 
.15 
.19 
.08 
.11 
.09 
.12 
.14 
.07 

.VI 

319 
328 
333 
338 
345 
351 
350 
360 
364 
368 
373 
378 
388 
395 
408 
415 
425 
429 

1.0384 
1.0351 
1.0401 
1.0327 
1.0302 
1.  0294 
1.0339 
1.0409 
].0351 
1.0269 
1.0343 
1.0347 
1.  0294 
1.0322 
1.  0322 
1.  0322 
1.0359 
1.0209 

4.7 
,5.7 
2.2 
3.7 

3.4 
3.3 
4.5 
4.~6 
5.0 
4.0 
2.9 
2.7 
2.8 
2.5 
2.2 
2.4 
2.8 

.12 
.14 
.09 
.09 
(*) 
.(■8 
.08 
.11 
.  12 
.14 
.12 
.07 
.07 
.07 
.00 
.06 
.06 
.07 

1. 00346 

0.0 

.17        --" 

1.  0330 

3.0     .09 

i 

Trace. 
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Table  XXYll.— Fresh  chip  juice. 
[Comparison  of  spindle  with  total  solids  found  by  drying.] 


Total 

Total  sol- 
ids found 
by  drying. 

Purity  calculated  fioni— 

Date. 

Xo. 

Sucrose. 

Glucoso. 

solid  5    by 

Erix.  at 

15.5° 

To  assist 
drying. 

Spindle. 

Total  solids. 

. 

Per  cent. 

Per  cent 

Per  cent. 

Sept.  20 

207 

11.72 

2.85 

18.49 

17.38 

63.  32 

07.45 

bcpt.  2J 

207 

11.72 

2.  8.-. 

18.49 

17.36 

03.  32 

(;7  51 

A  sbcsto-s. 

Out.  2... 

217 

11.74 

2.  33 

18.  18 

10.  CO 

04.57 

70.  72 

0<t.  2... 

217 

11.71 

2.  33 

18  18 

16  68 

04.  .57 

70.  38 

Do. 

Oct.  «... 

304 

9.7G 

2.  8.-) 

10.88 

1.5.  49 

57.8-^ 

03.01 

Oct.  8  . . 

?M 

9.7ti 

2.8.5 

16.8-i 

15.  .52 

57.  88 

6.'.  88 

Do. 

Oct.  11.. 

3:52 

9.32 

3.45 

17.00 

15.24 

.54.  82 

(;i.l5 

Oct.  15.. 

3.=^9 

11.  G4 

2.65 

18.  70 

17.05 

61.71 

68.  27 

Oct.  19.. 

387 

9.57 

3.43 

17.87 

1.5.  OS 

54.  10 

5!t.  88 

Oct.  21 
Moan 

414 

7.37 

2.84 

13.  56 

11.  91 

54.04 

61.88 

10.43 

2.84 

17.42 

15.92 

59.  63 

05.31 

Tablk  XX\ 111. —Diffusion  juice. 


Oct.  1  .. 

200 

5.86 

1..53 

9  00 

8.14 

65.11 

71.99 

Oct.  1... 

209 

5.86 

1.53 

9  00 

8.13 

6.5.  1 1 

72,  OS 

Asboslo.s. 

Oct.  3... 

236 

4.28 

1.38 

7.  CO 

6.62 

5.5.  87 

04.  65 

Oct.  3... 

2S6 

4.28 

1.38 

7.66 

G.  63 

.5.5.  J<7 

61.55 

Do. 

Oct.  10.. 

319 

5.87 

1.44 

9.95 

9.01 

58.  9!) 

05.  15 

Oct.  12.. 

345 

4.45 

1.18 

7.58  ; 

0.74 

54.  8-J 

Gii.  02 

Oct.  17.. 

373 

5.31 

1.59 

9.34  i 

7.99 

r.7.  82 

CO.  46 

Oct.  23.. 

425 

5.43 

1.75 

9.  22 

8.  30 

58.91 

0:5.  42 

Oct.  2t.. 
Mean  . . 

433 

4.80 

1.72  1 

8.3] 

7.34 

0/.  00 

65.  39 

5.13 

1.50  1 

8.61  ; 

7.66  1 

58.89 

66.86 

WORK  DONE  AT  THE  STERLING  EXPERIMENT  STATION. 


REPORT  OF  A.  A.  DENTON  AND  C.  A.  CRAMPTON. 

The  oxperimeu till  work  wliich  lias  been  done  at  tlie  Sterling  Sugar 
Experiment  Station  was  wholly  in  tbe  line  of  improving  tlie  sorghum 
plant  with  a  view  to  increase  the  yield  of  sngar  from  sorghum  canes, 
to  obviate  certain  physical  or  ontward  fanlts  of  the  plant,  and  to  obtain 
varieties  which  are  less  variable  in  their  yield  of  sugar. 

It  is  probable  that  tln'.  extraction  of  juice  from  sorghum  canes  has 
nearly  or  quite  reached  its  practical  limit,  and  that  diffusion  apparatus 
needs  only  to  be  improved  in  details  of  construction  which  is  more  prop- 
erly the  work  of  machinists. 

It  is  probable  that  the  evaporating  apparatus  used  in  sugar  manu- 
facture, the  triple  effect,  the  vacuum  pan,  etc.,  will  not  soon  be  very 
greatly  improved,  for  they  are  the  result  of  many  years  of  experiment 
by  scientists,  aided  by  the  most  skilled  engineers. 

There  remains,  however,  a  very  important  and  promising  field  for  ex- 
perimental work  in  the  line  of  sugar  manufacture,  and  that  is  the  im- 
provement of  the  sorghum  plant  upon  which  the  sorghum-sugarindustry 
depends  for  ultimate  success. 

The  importance  and  necessity  of  such  work  has  been  recognized  by 
every  one  who  has  been  engaged  in  the  development  of  the  industry,  but 
very  little  lias  been  actually  done  in  that  direction  ;  tlie  greatest  atten- 
tion has  been  devoted  to  the  methods  of  extraction  and  manufacture, 
while  the  quality  of  the  raw  material  has  been  neglected. 

If  improved  varieties  of  sorghum  were  developed,  as  improved  va- 
rieties of  the  sugar-cane  or  of  the  sugar-beet  have  been  developed,  a 
successful  future  for  the  sorghum-sugar  industry  in  competition  with 
the  sugar-cane  and  the  sugar-beet  industries  could  be  confidently  as- 
sured. 

In  illustration  of  this  disability  which  hinders  the  sorghum-sugarin- 
dustry, it  is  proper  to  recall  the  fact  that  the  new  beet-sugar  factories 
erected  this  year  in  California  imported  beet  seed  from  Europe  at  heavy 
cost,  because  there  the  sugar-beet  has  been  bred  up  and  im.proved  by 
many  years  of  persistent  effort  by  experts  in  that  line,  so  that  this  Eu- 
ropean improved  beet  seed  produces  at  once  in  California  beets  which 
contain  from  14  to  20  per  cent,  of  sugar.  New  sorghum-sugar  factories 
have  been  built  this  season  in  Kansas,  but  they  can  nowhere  procure 
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similar  iuiproved  sorglinm  seed,  for  the  sorgliiira  plant  has  yet  to  be  de- 
veloped aiKl  improved.  As  au  instance  of  the  necessity  for  the  exer- 
cise of  care  in  the  selection  of  seed,  the  experience  of  two  of  the  new 
factories  this  season  may  be  cited.  One  of  us  visited  the  factories  at 
Donghiss  and  Conway  Springs  at  the  beginning  of  the  season,  about 
September  7.  At  the  latter  place  there  was  great  complaint  of  the  qual- 
ity of  the  early  cane  ;  seed  had  been  obtained,  supposed  to  be  pure  Early 
Amber,  but  seed  of  hater  varieties,  such  as  Orange,  had  been  allowed  lo 
become  mixed  with  it  in  considerable  quantities,  and  the  result  was  a 
field  of  cane  of  wliich  the  greater  part  was  fully  ripe  and  ready  for 
working,  while  a  portion  was  still  green,  ^vith  the  seed  not  yet  out  of 
tiie  dough.  It  required  entirely  too  much  labor  to  separate  it  in  the 
field,  and  when  the  cane  was  cut  and  brought  to  the  factory  the  green 
cane  lowered  the  average  of  the  whole  to  such  an  extent  that  it  was 
hardly  fit  to  work  lor  sugar.  At  Douglass  about  100  acres  had  been 
planted  for  early  cane,  with  seed  supposed  to  be  Early  Amber.  As  the 
factory  was  greatly  delayed  in  starting  up,  fears  had  been  entertained 
that  this  cane  was  overripe  and  deteriorating.  Examination  showed 
this  "early  cane"  to  be  not  Early  Amber  at  all,  but  the  old-fashioned 
Chinese,  a  variety  which,  with  us  at  least,  did  not  attain  its  maximum 
of  sugar  content  until  quite  late  in  the  season.  Had  the  factory  got- 
ten into  operation  by  the  middle  of  August,  as  they  expected,  they 
would  have  found  their  ^^  early  cane"  entirely  too  green  to  make  sugar. 

THE  OEIGIN  OF  THE  EXPERIMENTAL  WOEK  AT    THE   STEELING  SUGAR 
EXPERIMENT    STATION. 

In  the  spring  of  1888  the  Sterling  Sirup  Works  planted  all  the  varie- 
ties of  sorghum  which,  with  the  time  and  means  at  their  command,  they 
could  procure  in  this  or  in  foreign  countries,  in  an  experimental  field, 
under  as  similar  conditions  as  possible,  in  order  to  enable  them  to  com- 
pare the  qualities  of  the  canes  of  the  numerous  varieties,  with  a  view 
to  selecting  the  best  varieties  for  future  cultivation.  They  had  in  mind 
a  similar  experimental  plantation  in  Jamaica,  where  sixty  to  seventy 
varieties  of  the  sugar-cane  have  for  many  years  been  grown  in  order  to 
select  the  varieties  which  were  best  suited  to  the  West  Indies,*  the  re- 
sult of  which  is  shown  by  the  fact  that  an  improved  variety  of  sugar-cane, 
which  is  sometimes  called  "Jamaican,"  because  it  was  grown  at  and  in- 
troduced by  the  Jamaica  experimental  station,  is  now  giving  au  ex- 
traordinary yield  of  sugar  in  many  i^laces. 

They  were  induced  to  undertake  this  experimental  work  by  the  ne- 
cessities of  their  business.  In  the  past  seven  years  they  have  produced, 
each  year,  from  500  to  700  acres  of  cane,  and  have  manufactured  the 

*  Analyses  of  samples  of  these  different  varieties  from  a  collection  exhibited  at  Iho 
Now  Orleans  Exposition  in  1885  were  made  by  C.  A.  Crampton,  at  the  Sugar  Labo- 
ratory of  the  Department  of  Agriculture,  in  its  exhibit.  The  results  of  these  analyses 
were  published  by  Prof.  Morris  in  the  Jamaica  Official  Gazcilc. 
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crop.  Each  year  tliey  have  planted  tlie  coiiiinon  varieties,  and  also 
varieties  new  to  tlieni  wliicli  they  could  readily  procure.  The  selection 
of  better  varieties  and  the  imi)roveinent  of  the  (luality  of  the  canes  is 
a  matter  of  importance  to  them,  as  it  is  to  all  others  who  are  concerned 
in  the  sorghum  industry. 

It  appeared  to  the  Sterling  Sirup  Works  that  the  first  step  to  be 
taken  in  improving  the  sorghum  plant  was  to  collect  as  many  varieties 
as  possible,  from  all  localities  where  sorghum  is  grown,  to  acclimate 
them,  and  to  practically  test  the  numerous  varieties  in  all  the  points 
which  constitute  a  good  variety  of  sorghum. 

It  is  now  to  be  regretted  that  a  much  more  extended  search  was  not 
made,  in  this  and  in  foreign  countries,  for  other  rare  and  unknown 
varieties,  but  they  then  regarded  this  year's  work  as  only  the  beginning 
of  a  private  research  which  would  continue  for  some  years. 

The  object  of  the  experimental  work  was  to  improve  the  sorghum 
plant. 

(1)  Improved  varieties  of  sorghum  should  be  developed,  producing 
canes  of  uniform  saccharine  quality,  to  lessen  the  unusual  variableness 
which  now  characterizes  the  sorghum  jdant. 

(2)  The  i)hysical  or  outward  character  of  the  canes  should  be  improved 
to  obviate  faults  and  also  to  increase  the  yield  of  cane  in  tons  per  acre. 

(3)  The  percentage  of  cane  sugar  in  the  juices  of  the  cane  should  be 
increased. 

(4)  The  percentage  of  substances  in  the  juice  which  lessen  the  yield 
of  sugar  should  be  diminished. 

THE  NECESSITY  FOR  IMPROVING  THE   SORGHUM  PLANT. 

The  sorghum  plant  is  adapted  to  large  areas  of  the  country  which  are 
not  adapted  to  the  production  of  sugar  from  the  sugar  cane  or  from  the 
sugar  beet.  It  is  especially  adapted  to  the  dry  climateof  the  great  West. 
Its  cultivation  is  suited  to  the  habits  of  the  farming  population.  When 
the  sorghum  plant  has  been  successfully  developed  and  improved  as 
other  sugar-producing  plants  have  been  improved,  the  sorghum-sugar 
industrj"  will  prosper  and  will  employ  capital  and  labor  in  producing 
the  sugar  which  we  now  import. 

THE  FAULTS  OF  THE  SORGHUM  PLANT. 

The  sorghum  plant  is  sometimes  a  good  sugar-producing  plant,  some- 
times it  is  merely  a  sirup-producing  plant.  This  variability  in  the 
chemical  comi)osition  of  its  juices  is  what  might  be  expected  from  a 
plant  wliich  has  not  yet  been  bred  up  to  fixed  t^pes  of  excellence  by 
long-continued  selections  of  seed  from  the  finest  plants  of  the  best 
varieties. 

In  this  connection  it  is  interesting  to.  note  that  in  1747  the  chemist 
Marggraff  was  able  to  extract  r>  per  cent,  of  sngar  from  the  beet;  fifty 
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years  afterwards  tbe  chemist  Acliard  was  able  to  extract  out  1  per 
cent,  of  sugar,  and  the  eminent  chemist  Sir  Humphrey  Davy  published 
positive  assertions  that  beet  sugar  could  not  be  made  profitably,  an  I 
that  it  was  not  fit  for  use.  Sixty-five  years  after  Marggraff  had  ex 
tracted  5  per  cent,  of  sugar  from  the  beet  the  beet-sugar  factories 
realized  only  2  per  cent,  of  sugar  from  it.  These  facts  seem  to  indicate 
that  the  sugar  beet  was  variable  until  the  i)lant  had  been  developed. 

Besides  the  variability^  of  the  sorghum  i)lant  there  are  other  faults 
which  pertain  in  greater  or  less  degree  to  the  different  varieties.  Some 
varieties  are  long  and  slender  reeds  with  heavy  seed  tops  and  the  canes 
are  liable  to  lodge  and  tangle  in  storms.  This  fault  greatly  increases  the 
difficulty  of  harvesting  the  canes,  and  the  ''down*'  or  lodged  canes  are 
also  inferior  in  saccharine  value.* 

Some  varieties  "  tiller;"  that  is,  one  root  produces  several  canes,  just 
as  one  grain  of  wheat  produces  several  stalks.  It  is  iujurions  because 
the  secondary  canes  ripen  at  different  periods,  and  in  harvesting  large 
fields  of  cane  it  is  impossible  to  avoid  mixing  overripe,  ripe,  and  unripe 
canes.  Some  varieties  have  a  habit  of  i^roducing  false  or  secondary 
seed-heads.  As  soon  as  the  cane  approaches  maturity,  and  often  before 
that  period,  it  forms  two  or  more  new  seed-heads,  which  rapidly  de- 
velop. This  delays  the  ripening  of  the  cane  and  lessens  the  yield  of 
sugar.  Some  varieties,  as  soon  as  fully  mature,  produce  offshoots  from 
each  joint  of  the  canes  and  also  offshoots  from  the  roots,  and  the  sugar 
in  such  rapidly  disappears.  Some  varieties  rapidly  deteriorate  in  the 
quality  of  the  juice  as  soon  as  they  are  ripe,  and  allow  little  time  to 
manufacture  the  canes.  Some  varieties  mature  very  small  seeds,  and 
these  produce  plants  which  are  weak  and  slow-growing  in  the  first 
weeks  of  their  existence  and  are  kept  clear  from  the  more  vigorous 
weeds  with  greater  difficulty  than  the  stronger  plants,  which  are  pro- 
duced by  larger  seeds.  Some  varieties  have  very  impure  juice  and 
some  have  strongly  acid  juice.  Some  varieties  give  light  yield  of  cane, 
light  yield  of  juice,  and  light  yield  of  seed.  Some  varieties  obstinately 
retain  the  glume  or  envelope  of  the  seed  grains,  so  that  it  can  not  well 
be  separated  by  ordinary  means.  Analyses  seem  to  show  that  the  clean 
grain  of  sorghum  seed  is  practically  equal  in  value  to  corn  as  food  for 
stock,  but  the  adhering  glume  or  envelope  contains  tannin,  which  is 
injurious;  and  some  varieties  contain  much  of  this  substance  and  some 
but  little.  Some  varieties  mature  so  late  that  they  give  but  little  time 
to  manufacture  the  canes  before  frost. 

*Tbis  deterioratiou  of  lodged  caue  has  beeu  often  noted  before,  but  tbe  following 
analysis,  made  at  tbis  station,  may  serve  to  emi^basize  it: 
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Per  cent. 

Avcraofe  sample  standing  cane 16. 49 

Same  of  down  caue  of  the  same  plat,  only  sound  stalks 
taken : 13.20 


Sucrose.    Glucose 


Per  cent. 
11.02 
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THE   FAULTS    OF   THE    SORGHUM    PLANT    AND    OF    THE    SUGAR    BEET 

C031PAIIED. 

The  sugar  beet  contains  mineral  substance  which  lessens  the  yield 
of  sugar.  Asa  rule  these  mineral  substances  in  the  juic3  vary  indi- 
rectly as  the  sugar  varies;  that  is,  the  greater  the  percentage  of  sugar 
the  lower  the  percentage  of  mineral  substance. 

Sorghum  contains  glucose  in  the  juice,  and  this  lessens  the  yield  of 
sugar.  As  a  rule  the  percentage  of  glucose  in  the  juice  varies  inversely 
as  the  percentage  ot  sugar  varies,  that  is,  the  greater  the  percentage 
of  sugar  the  less  the  percentage  of  glucose. 

The  beet  has  also  physical  or  outward  faults.  It  is  a  biennial  plant; 
it  stores  sugar  the  first  season,  it  produces  seed  the  second  season. 
Sorghum  is  an  annual  plant;  it  produces  sugar  and  also  seed  in  one 
season;  but  w^hen  it  has  produced  its  sugar  and  its  seed  it  often  attempts 
a  second  crop  of  seed,  and  this  lessens  the  yield  of  sugar. 

The  sugar  beet  sometimes  makes  a  "second  growth."  Sorghum  some- 
times sends  out  offshoots  from  every  joint  and  ofishoots  from  the  roots. 

The  sugar-beet  is  sometimes  hollow.  Sorghum  canes  are  sometimes 
pithy  and  contain  but  little  juice. 

The  sugar-beet  is  sometimes  attacked  by  the  "brown  penetration,"  a 
discoloration  of  the  beet  which  lessens  the  yield  of  sugar.  Sorghum 
canes  sometimes  have  brown  or  red  spots  in  the  interior  of  the  canes. 
The  sugar-beet  often  had  faults  of  form;  it  had  forked  roots,  making 
harvesting  the  beets  and  cleaning  them  from  dirt  more  difficult.  Sor- 
ghum also  has  faults  of  form. 

CAN  THE  SORGHUM  PLANT  BE  IMPROVED? 

Judging  by  all  analogies,  the  sorghum  plant  can  be  very  greatly  im- 
proved by  intelligent  and  long-continued  selection.  Stirpiculture  in  the 
animal  kingdom  has  given  us  the  Ootswold  sheep,  the  Poland-China 
hog,  the  Jersey  cow,  and  the  Korman  horse.  In  the  vegetable  kingdom 
it  has  given  us  the  Peabody  corn,  the  Zinfandel  grape,  the  Lapice  su- 
garcane,  and  the  Klein-Wanzleben  sugar-beet.  It  has  been  truly  said, 
"Wherever  and  with  whatever  plant  selection  of  the  best  for  seed  has 
been  long  continued  wonderful  results  have  been  obtained."  Darwin 
said,  "Let  any  common  plant,  even  a  roadside  weed,  for  instance,  bo 
grown  on  a  large  scale,  and  let  a  sharpsiglited  gardener  select  and 
propagate  slight  variations,  and  see  if  new  varieties  do  not  result." 
Kuauer  started  with  a  variety  of  the  sugar-beet  which  contained  but  IL 
per  cent,  of  sugar;  he  improved  it  by  selecting  the  best  for  seed  until  he 
produced  the  "Imperial"  variety,  which  contained  16  per  cent,  of  sugar. 
Deprez  et  Fils,  by  selection  of  seed  from  the  best  roots,  produced  three 
varieties  which  contained  from  14  to  IG  per  cent,  of  sugar.  Vilmoriu, 
the  celebrated  horticulturist  of  France,  created  the  "  Improved  Yil- 
morin,"  improved  in  form  and  in  yield  of  sugar.     There  are  no  apparent 
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reasons  why  the  sorgbum  plant  may  not  be  improved  b}  diligeni  use 
of  similar  methods. 

THE   ]METnODS   OF   I3IPE0TING    THE   PLA^^T. 

The  principal  methods  of  improving  the  plant  may  be  stated  as  fol- 
lows : 

(1)  By  growiDi?  and  testing  all  known  varieties  and  selecting  the  most  promisiug. 

(2)  By  hybridizing  or  crossing  these  varieties. 

(3)  By  preserving  "sports"  or  variations. 

(4)  By  selecting  seed  from  the  finest  individual  canes  of  each  variety. 

(5)  By  improved  methods  of  cultivation. 

All  of  these  methods  have  been  practiced  to  a  greater  or  less  extent 
in  the  work  at  this  station,  and  the  results  will  be  set  forth  in  the  ordc-r 
given  above.  It  must  be  lem.embered,  however,  that  the  results  ac- 
complished in  this  direction  by  one  season's  work  can  be  at  best  but  a 
mere  beginning.  To  attain  the  end  desired  in  the  imi:>rovement  of  the 
plant  the  continuation  of  such  work  over  a  series  of  years  is  indispen- 
sable. If  this  season's  work  and  the  metbods  pursued  will  serve  to 
point  out  the  necessity  and  importance  of  this  line  of  investigation, 
and,  in  general,  the  manner  in  which  it  may  be  best  carried  out,  a  great 
deal  will  have  been  accomplished.  It  is  hardly  necessary  to  call  atten- 
tion to  thi',  desirability  of  following  up  the  system  of  development  thus 
opened  up;  and  it  is  to  be  hoped  that  opportunity  may  be  afforded  the 
Department  in  the  future  to  carry  on  this  work,  which  promises  to  be 
of  the  greatest  value  to  the  sorghum  industry. 

I.   EXPERI3IENTS   IN   GROWING   DIFFERENT    VARIETIES   OF   CANE. 

It  is  probable  that  all  varieties  of  sorghum  are  not  equally  well 
adapted  to  all  localities  where  soighum  is  grown. 

Some  varieties  have  peculiarities  which  cause  them  to  succeed  best 
in  certain  places.  Tlie  Early  Amber,  for  instance,  probably  succeeds 
better  and  has  more  valuable  qualities  in  Iowa  than  in  Texas. 

There  is  an  analogy  in  this  with  other  plants.  A  Ehenisli  variety  of 
the  grape  succeeds  best  in  dry  soil.  A  Swiss  variety  succeeds  best  in 
wet  climates.  Spanish  varieties  of  wheat  do  not  succeed  in  Germany. 
English  wheat  does  not  thrive  in  India. 

To  select  the  best  varieties  of  sorghum  for  a  given  locality  it  is  nec- 
essary to  grow  all  known  varieties  there  and  to  select  those  which  j)ros- 
per  best  under  its  conditions. 

It  is  not  now  easy  to  collect  seed  of  numerous  varieties  of  sorghum. 
The  common  varieties  only  are  for  sale  by  seed  dealers;  other  varieties 
can  only  be  found  among  distant  cane-growers  in  this  and  in  foreign 
countries.  In  collecting  many  varieties,  duplicates  of  some  varieties  are 
obtained,  because  a  single  variety  often  has  many  names.  This  is  nat- 
ural in  foreign  countries,  where  different  hnigmiges  are  used;  but  in 
our  own  couniry  the  s.ime  variety  often  has  many  names,  which  are 


Ill 

ii.sually  derived  from  some  peculiaiity  of  tlie  plant.  This  is  also  true  of 
other  plants.  It  is  said  that  all  the  varieties  of  the  sugar-beet  may  be 
elassed  in  four  groups;  there  seem  to  be  twenty-three  principal  varie- 
ties, which  have  several  hundred  names. 

The  varieties  of  sorghum  olteu  can  not  be  distinguished  by  the  ap- 
pearance of  the  seed  alone,  or  even  by  the  seed-heads  alone.  They 
can  best  be  classed  by  observing  the  growing  canes.  Varieties  which 
have  long  been  grown  under  very  different  conditions  often  vary  enough 
fioin  the  usual  type  to  be  classed  as  sub  varieties.  The  Chinese  cane 
iVom  Australia  differs  in  some  respects  from  the  Chinese  from  Central 
America,  and  that  differs  in  some  respects  from  the  Chinese  of  this 
country. 

These  facts  add  to  the  difficulty  of  classifying  the  numerous  varieties 
of  sorghum.  Sorghum  is  also  grown  in  opposite  hemispheres,  and  the 
ijroper  season  to  collect  varieties  in  one  country  is  not  the  proper  se.i- 
soii  in  another  country. 

ACCLIMATIZATION   OF   VARIETIES. 

In  growing  and  comparing  varieties  of  sorghum  which  have  been 
obtained  from  different  localities  it  is  necessary  to  consider  accliinati- 
zulion.  Plants,  as  well  as  men  and  animals,  require  time  to  adjust  them- 
selves to  new  conditions.  Linnaius  said  seed  from  tobacco  grown  in 
Sweden  ripened  a  month  earlier  than  that  from  foreign  seed.  Seed  corn 
taken  from  Virginia  to  New  England  ripens  with  difficulty  the  first 
season.  Seed  corn  taken  from  New  England  to  latitude  45^  ripens  with 
difhculty  the  fi.rst  season.  In  both  cases  they  mature  perfectly  in  tiieir 
new  homes  after  a  few  seasons-  European  plants  produced  in  India, 
from  seeds  grown  in  India  a  few  seasons,  succeed  bettor  than  from 
directly  imported  seeds. 

These  facts  indicate  that  it  is  necessary  to  acclimate  varieties  of  sor- 
ghum procured  from  localities  which  have  different  conditions  of  soil 
and  climate  before  correct  comparisons  of  their  cpialities  can  be  made. 

In  the  experimental  work  at  this  station  it  was  especially  noticeable 
that  varieties  of  sorghum  received  from  localities  having  long  and  warm 
growing  seasons  produced  larger  canes,  which  matured  later  than  the 
same  varieties  from  Northern  localities.  It  was  also  noticeable  that 
varieties  received  from  localities  which  have  little  rain  fall  succeeded 
better  this  season  than  the  same  varieties  received  from  localities  hav- 
ing excessive  rain-fall. 

It  is  obvious  that  a  plant  may  be  removed  many  thousand  utiles  with 
slight  change  of  environment  and  that  it  nmy  be  easily  acclimated. 
It  is  also  obvious  that  a  plant  may  be  removed  a  comparatively  short 
distance  with  considerable  change  of  conditions  and  may  be  acclimated 
with  difficulty.  It  seems  to  require  three  years  to  acclimate  varieties 
of  sorghum  which  have  been  grown  under  very  different  conditions. 
These  facts  require  consideration  wiien  making  selections  irom  numer- 
cOus  varieties  grown  the  lirst  time  in  this  country. 
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VARIETIES   GROWN   AT   THE   STERLING  EXPERIMENT    STATION. 

There  were  about  250  different  plots  of  sorgbum  grown  at  tbis  station  j 
of  these  150  were  crosses,  selected  by  Mr.  Denton  ;  the  remaining  100 
plots  were  planted  with  varieties  presumably  distinct,  though  more 
than  one  plot  was  planted  of  a  few  standard  varieties  from  seed  obtained 
from  different  localities.  Of  those  supposed  to  be  distinct  varieties,  bow- 
ever,  tliougU  sent  in  under  different  names,  many  were  found  to  be  dupli- 
cates, showing  minor  variation  perhaps,  but  not  sufficient  to  entitle 
them  to  classification  as  distinct  varieties. 

For  instance,  seeds  of  the  well-known  variety  Red  Libeiian  were 
received  bearing  the  names  "African,"  ^' Sumac,"  "Clubhead,"  "Rio 
Blanco,"  etc.;  samples  of  Honduras  seed  were  named  "  Bouey  cane," 
"Broom  cane,"  "Silver  top;"  samples  of  Chinese  cane  seed  were  re- 
ceived as  "New  sugar-cane,"  and  "Sorghum  saccharatum."  It  will  be 
seen  in  the  following  analyses  that  seeds  of  the  same  varieties  received 
from  different  localities  produced. canes  of  quite  different  qualities. 

Thirty-six  of  the  varieties  proved  to  be  non-saccharine,  useful  for  forage 
purposes,  but  not  containing  enough  saccharine  matter  to  be  of  value  as 
sugar  producing  plants.* 

In  addition  to  most  of  the  varieties  grown  in  the  United  States  the 
list  includes  many  obtained  from  Asia,  Africa,  and  South  America. 
The  seeds  of  many  foreign  varieties  were  injured  by  dampness  and  by 
insects;  of  some  of  these  not  a  single  seed  germinated. 

The  experimental  lots  varied  in  size,  some  containing  a  few  acres  of 
each  variety  and  some  containing  150  hills  of  cane,  and  of  some  varie- 
ties but  a  few  canes  w^ere  grown.  In  the  <?xperimental  grounds  of  the 
Jamaica  Botanical  Gardens,  where  sixty  to  seventy  varieties  of  sugar 
cane  are  grown,  each  variety  occupies  from  one-half  to  one-third  of  an 
acre.  This  seems  to  be  the  proper  size  for  experimental  lots,  as  it 
allows  selections  of  seed  to  be  made  from  the  best  canes  of  each  variety. 
Moreover,  foreign  seeds  often  germinate  poorly,  and  when  small  plots 
are  planted  there  is  often  not  a  single  cane  of  some  varieties  produced, 
as  was  the  case  here. 

COMPARISON   OF   THE   VARIETIES   BY   ANALYSIS. 

Jt  is  not  an  easy  matter,  as  might  seem  to  be  the  case  at  first  sight, 
to  make  a  comparison  of  different  varieties  by  the  analysis  of  juices 
from  seletted  samples.  In  the  first  place,  to  make  a  fair  comparison 
between  varieties  they  should  be  taken  at  their  maximum  of  maturity, 
and  this  is  a  i)oint  which  can  not  be  determined  by  any  outward  sign, 
but  only  by  actual  analysis.  Tlien  the  difficulties  of  sampling  can  only 
be  proi)erly  ai)[)reciated  by  one  who  is  familiar  with  them.  Add  to  these 
the  difficulties  of  comparison,  the  obstacles  in  the  way  of  always  getting 
uniform  conditions  in  tiie  growth  of  the  ])lots  themselves,  attacks  of 

*OFtho  uoii-saccharine  varieties,  20  were  dcrivcMl  from  China,  8  froiri  Africa,  3  from 
ludia,  and  5  from  this  country  ;  thesecil  from  all  these  were  carefolly  preserved,  aiui 
will  bedistribiUed  by  the  Departmeut.  Many  will  doubtless  prove  uew  and  valuable 
acquisitions  as  ioiat:;t>  plants. 
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(ihiiich  bu^s  ill  one  plot  and  not  in  another,  a  sandy  s[)ot  in  one  and  not 
in  another,  imperfect  germination  of  seed  in  one  plot  causing  a  thin 
stand,  while  in  other  plots  the  canes  stand  close  together',  and  it  will 
be  seen  that  the  task  of  differentiating  between  varieties  by  growing 
them  in  plots  and  submitting  the  canes  produced  to  analysis  is  by  no 
means  an  easy  one.  It  is  a  very  complex  problem.  One  season's  work 
siiould  uever  bo  held  conclusive ;  a  variety  may  have  been  placed  at  a 
disadvantage  from  some  one  of  numerous  possible  causes. 

In  the  work  here  the  varieties  w^ere  analyzed  as  often  as  possible,  to 
avoid  the  error  of  having  analyses  of  either  unripe  or  overripe  canes  to 
compare  with  the  analyses  of  other  varieties  at  their  maximum;  the  high- 
est analysis  in  the  series  may  be  taken  as  the  basis  of  comparison.  The 
error  of  sampling  was  avoided  as  much  as  possible  by  taking  good-sized 
samples,  and  by  having  them  all  taken  by  one  and  the  same  person.* 
The  errors  arising  from  differences  of  growth  were  augmented,  unfortu- 
nately, by  irregularities  in  the  time  of  planting;  some  lots  of  seed  being- 
received  very  late  in  the  spring.  The  time  of  planting  is  noted  with 
each  plot. 

EARLY   VARIETIES. 

Several  of  these  gave  very  satisfactory  results,  so  far  as  early  ripening 
was  concerned.  The  late  date  at  which  the  laboratory  was  established 
at  the  station  did  not  admit  of  many  analyses  before  they  had  passed 
their  maximum  of  maturity.  In  the  case  of  the  Early  Tennessee  and 
Whiting's  Early  Variety  this  point  had  probably  been  passed  before 
any  analysis  was  made. 


not. 


23  J } 


234. 


Date. 

Ko.  of 
analysis. 

Degree 
Brix. 

Auff.  24 
Sopt.    1 
Sept.  10 

3 

18.03  i 

16.09 

15.99 

134 

Aug.  24 
Au-.  31 

f) 
5G 

15.54 
13.08 

Au?.  25 
vSept.    6 

Sept.    8 

12 
]13 
126 

16.  G4 
15.72 
14.52 

Aucc.  30 

40 

15.63 

Sucrose'. 


Per  cent. 

12.88 
11.24 
10.53 


8.45 
G.44 


Glucose. 


Per  cent. 
1.92 
2.04 
1.54 


2.55 
1.90 


10.42 
9.  06 
7.43 


10.30 


Co-efficient 
of  purity. 


2.81) 
1.98 
2.08 


1.48 


6.-).  90 


Kemaika. 


fSw;«n"s  Early  Golden. 
I  plan  ted  M  ay  8,  produced 
■I  from  seid  which  wa.s  ten 
I  years  old;  tlio  cane.s 
t  were  good  ;  unmixed, 
f  EiUly  Teune.s.see,  planted 
I  ilay  8,  matures  at  least 
I  ten  days  earlier  than 
'  Amber.  The  canes  are 
I  small,  but  it  is  woitiiy 
i  of  further  trial  on  ac- 
[  count  of  its  earlinea.s. 
f  Whiting's  early  variety, 
I  planted  May  19.  This 
I      originated  in  New  York 

from  a  single  cane, which 
I  was  the  only  one  whicli 
I  ripened  before  frost  in 
I  a  tieldof  Early  Aiuh.r. 
j  The  canes  iiro  am;ill  ;:iid 
I  ripeu  two  wneks  <  ail  i  r 
^  than  Early  Amber.  In 
I  these  lots  sevc-ral  canes 
I      showed  reversion  to  tlio 

E;irly  Amber  type, 
I      which  seems  to  indicate 

that  tiiis  variety  was 
I      formed  by  an  accidental 

cross,  aiid  that  a  cross 
I     n)ay    bo     earlier     than 
[     cither  parent. 
Anotlior  plot  of  the  same. 


Mr.  Denton  did  all  the  sampling  himself. 


1405G— Bull.  20—8 
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EARLY   AMBER. 


This  is  the  most  widely  kuowii  of  all  the  varieties  of  sorghiiiii.  Ii  was 
iiieliuled  iu  almost  ever^^  collectiou  of  seeds  obtained  in  this  or  in  foreign 
countries.  It  was  obtained  from  Australia,  from  Algeria,  and  from 
South  Africa,  which  shows  its  wiae  distribution. 

It  is  an  excellent  variety  for  sirup -and  for  sirup-making  if  the  canes 
arc  cut  when  in  their  best  condition.  The  juice  is  then  comparatively 
pure  and  has  a  pleasant  taste.  It  deteriorates  rai)idly  in  this  climate 
soon  after  it  matures.  This  is  a  serious  fault  in  sugar  manufacture  where 
very  large  helds  of  this  variety  are  grown.  It  also  yields  less  weight 
of  cane  and  less  seed  than  many  other  varieties.  It  will,  however,  re- 
tain a  place  in  the  list  of  varieties  planted  for  sugar  manufacture.  It 
probably  succeeds  better  in  Minnesota  and  Iowa  than  in  Louisiana  and 
Texas. 

There  are  several  subvarieties  of  Early  Amber;  the  Black  Amber, 
the  White  Amber,  the  (Jolden  Sirup,  the  Cape  May  Hybrid,  etc.     The* 
early   varieties  given  above  might  bo  considered  subvarieties  of  the 
Early  Amber,  as  they  were  undoubtedly  derived  from  it. 

In  the  experimental  held  Early  Amber  was  planted  at  intervals  from 
May  5  to  July  o,  and  one  lot  ripened  after  another,  i)rolonging  the  time 
for  analyzing  the  canes.  Seeds  of  Early  Amber  received  from  widely  dif 
ferent  localities  were  planted  to  compare  the  qualities  and  to  observe 
differences.  Amber  was  also  often  planted  near  lots  of  unknown  varie- 
ties to  assist  in  determining  their  time  of  matuiity.  It  is  evident  that 
many  circumstances  aiiVct  and  varj-  the  time  of  maturing  of  a  new 
variety.  By  comparing  it  with  a  well-known  variety  such  as  the 
Amber,  planted  under  the  same  conditions,  its  time  of  maturing  in  any 
season  can  be  accurately  determined. 

The  first  analysis  was  made  j^ugust  24,  at  which  time  the  earliest 
plantings  were  spoiled  and  some  of  the  later  were  deteriorating.. 


Plot. 


2.37 


Date. 


I    No.  of 
■  analysis!. 


Sept.    7 


A  us-  24 
Sept.  1 
Sept.  10 

Au2.  31 
Sept.  8 
Sept.  17 
Sept.  24 
Aus.  25 


64 
133 

48 
128 
223 
317 
8 


Dopree 
13rix. 


Sucrose.    Glucose. 


18.03 
]7.29 
14.80 


Per  cent. 
G.50 


12.09 

12.21 

9.20 


Per  cent. 
3.14 


1.84 
1.78 
1.7-^ 


Coefficent  j 
of  purity,  j 


Eeiuarks. 


13.61 

7.9.3 

3.  10 

14.40 

9.01 

2.62 

12.  76 

8.  32 

1.8S 

14.63 

8.-J4 

2  92 

17.54 

13.18 

1.07 

50.47 


41     I 
57     I 


Black  Aiuber.  ])lanted 
May  8,  pntdueetl  tiuo 
ennes.  whicli  ripened  a 
week  earlier  than  Early 
AnibiT.  It  was  overripe 
when  .*;a!uples  were 
taken  for  analy.si.^. 

Wliite  Amber,  planted 
May  8,  iiroiluced  lino 
caues,  puro  and  uu- 
raixed,  with  Imt  slight 
diftereuces  fioiu  Early 
Amber. 

EarlyAmber,  planted  May 
22:  seed  received  from 
Sydney,  Australia. 

Early  Amber,  from  seed 
which  had  been  grown 
by  the  Sterling  Sirup 
Works  at  tliis  plnr>  for 
.si:;  viar.s;  plan  led  May 
5  ;  productd  lar^e  canes. 
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PI;. 

Dale. 

No.  of 
analysis. 

l)(>Siee 
JJrix. 

Sucrose. 

Glucose. 

Coefficicut 
of  purity. 

lloiaatks. 

Per  cent. 

Percent. 

r 

EarlvAmbei, planted  Miiy 

s 

Awf,' 

30 

4:! 

15.17 

9.39 

2.  S3 

61.00     i 

21,  ivc.-ive<l    lioiu     Capo 

'j;i    . 

Sept 

8 

129 

]>.h9 

6.  .50 

2.  82 

50.8!)  !^ 
50. 92     1 

'I'own,      Sdiilli     .\rr:ca, 

Sept 

2ii 

3i0 

12.  CO 

6.11 

2.09 

labeled    "  11  die  us     Sac- 

I 

char.itus.'" 

23   .. 

Aug 

24 

4 

18.10 

13.70 

1.  12 

75.  C9 

Eaily  Anibci-,  I'lnui  New 
York,  i)laiit('d  M  ly  t^, 
proilueed  l:ii'go  a  u  tl 
liaud.sduic  canes. 

248.... 

Aug 

31 

49 

15.38 

10.80 

2.10 

70.  22 

Foigii's  Early  variity, 
plant.Ml  May  24.    It  orig- 

inated ill  eoulinunus  .se- 

lections, iiKiile  in  Iowa, 

iioin  Early  AuiIkm-;  pro- 

duced good  eanes. 

( 

Sept. 

8 

125 

16.  02 

10.91 

1.54 

68.  10    1 

1 

Sept. 

17 

224 

16.16 

11.43 

i.ro 

70.  73  :  1 

1 

Sept 

26 

34i 

K).  '-0 

11.48 

1.67 

70.  80  i  1 

2i9... 

1 
] 

Oct. 
Oct. 

4 
9 

460 
r>39 

16.78 
15.62 

11.94 
10.  25 

1.46 

2.28 

71.16  \l 
65. 62     f 

Anothei'  plot  of  the  same. 

Oct. 

15 

^90 

14.68 

9.9i 

1.51 

07.  85 

Oct. 

19 

(i;iO 

15.81 

10. 1)9 

1.31 

69.  .51  1  1 

Oct. 

22 

658 

15.  41 

10.  22 

1.82 

06.32 

J 

The  following  lots  of  "  Chinese'' cane  showed  interesting-  differences 
ill  habit,  owing  probably  to  conditions  in  which  they  had  been  pre. 
vionsly  grown : 


rio 

t. 

Date. 

No.  of 
analysi.s. 

Degree 
JBrix. 

r 

Aug.  29 

28 

13.94 

1 

Sept.    7 

123 

1.5.27 

1 

Sept.  17 

214 

16.20 

62.    . 

Sept.  26 

355 

15.84 

1 

Oct.      6 

488 

17.18 

! 

Oct.      8 

510 

16.00 

1 

Oct.    15 

593 

17.37 

Aug.  30 

41 

14. 10 

Sept.  18 

233 

15.00 

216... 

.  .^ 

Sept.  29 

406 

16.50 

Oct.      8 

512 

16.50 

Oct.    13 

592 

15.34 

Aug.  30 

42 

14.10 

215  .. 

Sept   17 

216 

16.29 

-  ^ 

Sept.  29 

405 

16.  06 

Oct.      8 

509 

15.11 

Aug.  30 

4i 

15.10 

Sept.  17 

219 

1.5.  35 

232... 

Sept.  28 

395 

18.20 

■] 

Oct.      3 

445 

16.49 

1 

Oct.      8 

.508 

17.98 

I 

Oct.    15 

591 

17.22 

Aug.  25 

9 

14.94 

Sept.  10 

140 

17.41 

37... 

Sept.  11 

148 

18.52 

Sept.  17 

213 

17.45 

1 

Sei)t.  26 

348 

18.05 

I 

Oct.      8 

511 

19.00 

f 

Sept.  19 

255 

15.  30 

69... 

Sept.  26 

360 

16.16 

•    ) 

Oct.      5 

476 

15.  50 

I 

Oct.      9 

531 

17.67 

Sucrose. 


Per  cent. 
6.02 
8.44 
9.27 
9.41 

11.42 
9.48 

11.79 
6.51 
7.90 
9.  90 

10.49 
8.97 

7.  .55 
9.76 
9.43 
8.83 

7.13 
8.62 
11.57 
11.02 
12.46 
11.26 

7.71 
10.43 
12.31 
10.83 

12.  95 

13.  23 


9.96 
10.18 
10.  53 
13.07 


Glucose. 


Per  cent. 
4.07 
2.  9G 
2.71 
2.00 
1.84 
2.16 
1.35 
3.67 
2.45 
2.28 
2.09 
2.04 

1.51 
2.25 
2.08 
2.19 

4.19 
2.48 
2.19 

2.03 
1.44 
1.83 

3.66 
2.40 
2.08 
2.16 
1.67 
1.40 


1.66 
1.68 
1.12 
1.02 


Coefficient 
of  purity. 


43.19 
55.  27 
57.  22 
59.41 
66.47 
59.  25 
07.88 
46.17 
52.  07 
59.78 
03.58 
58.47 

53.55 
59.91 

58.72 
58.44 

47. 22 
50. 16 
63.57 
66.83 
69.30 
65.39 

51.61 
59.  91 
06.47 
62.00 
09.  44 
09.63 


0,5.  10 
02.  99 
07.  94 
73.  96 


Remarks. 


1 

I  Cliinese,  received  a^^  "  the 
I  New  Sugar-cane,"  from 
(  Central  America, planted 
I     May  7. 

J 


Another  lot  of  same, 
planted  May  18. 

Chinese,  received  as  "  Sor- 
glmm  ,<i  acchar  at  ;i  di,' 
from  New  Soul  ii  Wale.i, 
planted  May  19.  But 
xew  seeds  grew  and  ernes 
were  poor. 

Chinese,  received  as  '\Sur- 
gham  naccharatnin," 
IromCapeTown,  Africa, 
planted  May  15.  Good 
caues. 

Chinese,  grown  in  the 
United  States,  iilauted 
]\Iay  5;  produced  better 
canes  than  ihe  foregoing 
lot-^,  which  seems  to  in- 
dicate that  it  has  become 
adapted  to  this  country. 

^\'hite  India,  planted  iMav 
8;  ])roduces  largo  and 
handsome  canes,  free 
from  oftshoots;  yields 
seed  well.  The  seed  did 
not  seem  to  germinate 
wf^ll  and  the  stand  was 
.     poor. 
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riot. 

Date. 

:N"o.of 
analysis. 

Dojiree 
Brix. 

Sucrose. 

Glucose. 

Coefficient 
of  purity. 

lieraarks. 

™ 1 

Sept.  19 

2fil 

15.  S2 

Fercevt. 
10.  09 

Per  cent. 
2.04 

63.78 

f  Tills  lot  was  planted  with 
1      seeds    labeled     "  Enva- 

Sept.  2(i 
Oct.      5 

:)59 
477 

19.05 
18.10 

1.3.26 
12.  74 

1.61 
1.47 

69.61 
70.  39 

1      ma,"    troni    Louisiana; 
s,      planted    May    8.       Tho 

I 

Oct.     y 

530 

10.70 

11.61 

1.59 

69.52 

canes  are  very  similar  to, 
and   probably    identical 

I     with,  the  White  In<lia. 

f  White     IMaram  oth    * 

1 

Sept.  19 

256 

16.92 

12  04 

1.47 

71,15 

j      planted   May  8.      There 

'' \ 

Sept.  26 

353 

16.46 

11.14 

1.44 

67.68 

j     is  apparently  uo    diln  r- 
■^      ei.ce    between      these 

Oct.      5 

474 

18.  ,^3 

11.90 

1.26 

72.87 

Oct.      9 

533 

16.95 

11.50 

1.24 

67.85 

canes  and  the  ^Yhite  In- 
dia or  the  Euyama. 

*  The  botanical  description  of  the  White  Mammoth  is  (Ann.  Rep.  TJ.  S;  Dept.  of  Agriculture,  1880, 40) 
"  Heads  very  dense,  expandinjr  toward  the  tlattone'I  top:  <rliimes  shiniufr,  black,  prominent;  .se.  d 
white,  large  hiliiiii,  inconspicuous."'  This  apjilies  well  to  the  Wliite  India,  Enyama,  and  White  Main- 
iiinih,  as  grown  in  the  abovo  lots,  but  the  seeds  may  have  been  incorrectly  named  by  those  who  bent 
til  em. 

VARIETIES   OF   ORATs^aE. 

A  large  number  of  subvarieties  of  this  standard  variet}^  exist,  but  the 
differences  in  character  are  probably  less  than  with  other  varieties,  con- 
sidering the  opportunities  that  have  been  offered  it  for  variation  ;  that 
is  to  say,  the  predominant  race  characteristics  hold  their  own  better 
throughout  the  crosses.  Doubtless  this  is  due  to  the  fact  that  it  has 
been  grown  a  long  time  and  become  well  established.  Some  of  the  plots 
of  Early  Orange  showed  remarkable  uniformity,  not  a  single  important 
variation  being  found  in  them.  This  stable  quality  will  make  the  variety 
very  useful  in  crossing  where  certain  stable  qualities  are  desired. 


Plot. 

Date. 

No.  of 
analysis. 

Degree 
Erix. 

Sucrose. 

Glucose. 

Coefficient 
of  purity. 

Keuiarks. 

Per  cent. 

Per  cent. 

( 

Sept.    3 

87 

12.  55 

5.35 

4.48 

42.62 

]  Early      Orange,    received 
j      from  Department  of  A  g- 

Sept.    5 

97 

13.78 

7.51 

3.53 

^i.  50 

2.36.... 

Sept.  17 

222 

15.60 

9.25 

3.61 

59.29 

}     riculture;    planted  May 
22.    Mixed  and  irregular 

Sept.  24 

316 

14.63 

8.60 

2.90 

58.  78 

Sept.  2w 

342 

17.12 

11.29 

2.70 

65.  95 

canes. 

81 

Sept.  27 

371 

17.58 

12.  82 

1.33 

72.02 

Earlv  Orange,  tVom  Foit 

Scott,     Kans.  ;    planted 

May  8. 

r 

Sept.    2 

161 

16.68 

10.49 

2.80 

62.  96 

1 

83*.... 

1 

•1 

Sept.  19 
Sept.  27 
Oct.      9 

269 
370 
538 

1 6.  53 
16.88 
17.59 

10.  02 
10.52 
11.53 

2.64 
2.30 
2.74 

60.  62 
62.  32 
65.  55 

(^  Early  Orange,  from  South 
'.      Caioliua;  planted  May  8. 

( 

Oct.    19 

631 

15.52 

9.54 

2.59 

61.47 

J 

87 

Sept.  19 

270 

16.53 

11.39 

2.20 

68.91 

Eaily    Orance,    from    Ar- 
kansas ;  i)lanted  May  8, 

68 

r 
j 

■  ~\ 
1 
1 

Sept.  12 
8ei)t.  19 
Sept.  25 
Oct.      9 
Oct.    15 

157 
259 
337 
532 
601 

17.80 
16.77 
17.77 
17.77 
17.90 

11.37 
10.53 
10.98 
12.  87 
12.90 

2.70 
1.06 
3.05 
1.  55 
1.13 

63.  88 
62.  79 
61.79 
72. 43 
72.07 

1  lieceivcd  fiom   Louisiana 

[     as  White  Mammoth,  but 

f      produced  Early  Orange 

canes;  planted' May  8. 

82 

\ 

Sept.  19 

267 

15.10 

9.53 

2.14 

63. 11 

)  Kansas  Orange;    planted 
^     May    8.      Strong    and 
)     stocky  canes. 

Sept.  27 

369 

14.88 

9.23 

1.77 

62.03 

f 

Aug.  29 

25 

11.85 

6.02 

3.23 

50.  80 

1 

Sei)t.  11 

145 

16.20 

10.81 

1.89 

66.  73 

49 

Sept.  18 

247 

15.57 

10.50 

1.71 

67.  44 

Same  ;  xtlanted  May  8. 

1 

Sei)t.  26 

3.54 

18.  04 

12.  19 

1.  62 

67.  57 

1 

1 

Oct.      9 

.523 

16.91 

12.17 

1.20 

71.97 

J 

( 

Sept.  12 

1.56 

14.  02 

5.97 

4.16 

42.  58 

^  Xew     Orange ;      planted 

88 

.\ 

Sept.  19 

271 

14.12 

6.47 

8.06 

45.  82 

V     Mays.   Plot  was  injured 

I 

Sept.  27 

375 

16.25 

9.53 

3.07 

58.65 

)     by  chiuch-bngs. 

*  Plot  228,  same  as  SS  ;  planted  May  21.    See  experiments  iu  development,  page  123,  (This  plot  was 
vcr^'  uniform,  not  a  single  variation  being  found  in  it.) 


117 


Plot 

Date. 

No.  of 
analysis. 

De"Teo 
liiix. 

Sucrose. 

Glucose. 

CocflBcient 
of  purity. 

Ileniarlis. 

Per  cent. 

Per  cent. 

fLate  Oranee.  from    New 

f 
\ 

Sept.  12 

158 

16. 12 

9.94 

2.41 

61.66  ij      Jersey;     plauti'd    May 

,«9 

Sept.  19 

274 

17.02 

10.  58 

3.07 

62.16  '  I      8:    produced  larjfrt  ami 

Oct.      9 

540 

17.99 

12.  73 

2.  32 

70.  76  1  1      stroiiff  canos,  which  re- 

Oct.     15 

COO 

16.97 

11.43 

2.  30 

67.  35 

1      mained    long    in     good 

[      cuiidiLion. 

( 

Aug   29 

29 

10.48 

3.15 

4.32 

30.  06 

1 

Sept.  11 

151 

16.82 

10.31 

2.80 

61.. 30 

Sei)t.  19 

2(iG 

17.18 

11.06 

2.75 

64.  38 

lleceivcd     as     "Earl  v 

Sept.  27 

3G8 

18.85 

l.J.  38 

1.83 

70.  98 

Goo.senock  ;"      p hinted 

75 

A 

Oct.      !) 

47:5 

17.48 

12.48 

1.58 

71.40 

;      Mav     8.      T  h  e     canos 

Oct.      9 

5;{7 

18.32 

12.  79 

1.46 

69.81     (      were   ai)pareiilly    idni- 

Oct.     l.'^. 

GU2 

1.5.70 

10.  22 

1.98 

6.5. 10 

tical  with  the  Late  (Jr- 

Oct.     19 

()49 

17.  CO 

12.  63 

1.03 

71.76 

an^e. 

Oct.     1:2 

6G3 

16.81 

11.15 

1.78 

6(i.  3.3 

I 

Oct.    24 

G83 

16.10 

9.72 

2.72 

60.37    J 

:  f  Medium  Oraugo  :  said  to 
1      be      a    cross     bitwecn 

r 

Ausc.  29 

SO 

15.90 

10.48 

1.60 

6.'.  91     1      Enrlv  Amber  and  Kan- 

81 

^ 

Sept.    7 

122 

16.70 

11.35 

1.07 

67. 9(i    ^;      sas    Orange ;     received 

Sept.  12 

IGO 

15.  56 

9.91 

1.24 

63.69 

1      from     Illinois ;      canes 
1      much     resemble      t  li  0 
[      Amber;  planted  Ma^•  8. 

f 

Aug.  31 

47 

11.81 

5.92 

2.48 

50.13 

j.Same;  planted  May  22. 

235  ... 

Sej.t.    8 
Sept.  17 

127 
218 

14.48 
14.85 

9.22 
9.67 

1..59 

1.28 

63.  67 
G5. 12 

Sept.  26 

•Sil 

10.70 

11.84 

1.04 

70.  ;jo 

RED   LIBERIAN. 

This  01(1  varietj^,  Iviiowii  under  so  mnu^'  synon^  nis,  mado  a  very  good 
sliowiiigin  this  season's  trial.  If  isvery  distinctive  in  its  character,  gives 
a  good  yield  jieracre,  and  has  a  good  contentofsngar.  I  ts  greatest  fanit 
is  to  be  iound  in  the  small  round  seeds  it  produces.  Tiiese  produce 
lilants  which  are  very  small  and  feeble  at  lirst,  and  when  the  iilanting 
is  done  with  a  corn-planter  the  seed   is  apt  to  be  too  close  in  the  hill. 


Plot. 


I 


Date. 

Sept. 

19 

Sept. 

27 

Oct. 

4 

Oct. 

5 

Oct. 

9 

Sept. 

19 

Se])t. 

2; 

Oct. 

f) 

Oct. 

9 

Sept. 

17 

Sept. 

19 

Sept. 

27 

Oct. 

5 

Oct. 

9 

Oct. 

30 

Sept. 

28 

Oct. 

5 

Sept. 

5 

LA 

No.  of 
analysis. 

Degree 
Brix. 

Sucrose. 

Glucose. 

Per  cent. 

Per  cent. 

262 

16.42 

9.09 

3.68 

363 

18.27 

12.  15 

2.73 

402 

18.80 

13.25 

2.74 

470 

18.(0 

12.45 

2.40 

5:!4 

18.  25 

12.07 

2.  94 

263 

19.91 

14.26 

1.90 

367 

19.92 

14.76 

1.84 

471 

18.80 

13.  52 

1.67 

535 

19.45 

13.  90 

1.71 

225 

IC.  66 

12.  34 

2.51 

264 

17.38 

9.69 

4.11 

366 

18.82 

11.64 

3.24 

472 

18.28 

11.71 

3.16 

556 

20.  25 

13.80 

2.31 

692 

15.70 

4.89 

4.94 

390 

17.66 

11.  12 

3.22 

481 

19.20 

13.56 

1.42 

99 

14.35 

6.96 

4.48 

,     Coefficient 
■  I      purity. 


Ilemarks. 


55.  36 
C6,  50 
70.48 
69.17 
C6.ll 
71.62 
74.10 
71.91 
71.47 
74.07 
55.  75 
61. 1>5 
64.  06 
68.15 
31,15 
62.  97 
70.  63 


48.  50 


Red  Libeiiau,  receivid 
from  Missoiii  i  ;is  "  hit- 
tlo  Sumac  ;  "  phuit(  d 
May  8;  large  yield  of 
good  c  ines. 

R  e  d  Liberiau,  received 
IVom  Texas  under  the 
n.ime  of  "Red  Tdj)  ;  ' 
].lanted  May  8. 

R  e  d  Liberir'n,  received 
uudei-  the,  n  a  m  e  o  f 
"Gooseneck;"  i)l;iuted 
May  8. 

Same  as  No.  74;  jilanted 
May  18. 

Gohien  Rod.  from  Georgia; 
plantcil  May  8.  'I'lic 
seed  idanted  in  \hc  ])lir 
did  not  germinate,  and 
a  sami)le  was  taUi-n  from 
:i  field  of  tlie  S  i  i-  u  p 
Works.  Itwasjjrobably 
overripe. 
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Plot. 

Date. 

Xo.  of 
aualysis. 

Degree 

Bli.Y. 

Sucrose. 

Glucose. 

Coefficient 
of  purity. 

Remarks. 

fHoucy   Dew,     from   ludi- 

aua ;  plauled  May  8 :  pro- 

• 

Per  cent. 

Per  cent. 

duced  fiue  canes :  yield.s 
white, clean  seed  in  large 

r 

99 -l 

Aug.  31 

61 

14.52 

5.57 

3.78 

38.36 

quantities.  Thi.s  plot  did 

Sept    7 
Sept.  11 

118 
153 

14.77 
11.  98 

8.  36 
4.99 

1.19 
1.G9 

56.60 
41.65 

not  have  favoraUiu  cou- 

<(      ditiou.s;     a    largo    field 

planted    by    the    Sirup 

Works   gave   better  re- 

[ 

Sept.    5 

103 

17.53 

11.34 

1.62 

64.69 

sults,     'ihelastaiiolysis 

given    was   taki  n   lioiu 

tliis  field,  not  fioni  tho 

[     plot. 

f 

Oct.      4 

457 

IG.  60 

10.78 

1.33 

64.94 

f  S:Hi;e;   ^planted   May  18. 

259*....^ 

Oct.    16 

613 

15.  75 

9.34 

1.G4 

.59.  30 

^      Tliisplotdidbelterthati 

( 

Oct.    22 

GGO 

18.10 

11.92 

2.62 

65.86  1 

(      the  earlier  planting. 

A  nor.  2.5 

11 

1.5.84 

8.29 

4.27 

52.31  ! 

I  Dutcliei's  H3  brid  ;  oiigin- 
}      ated   in  Iowa:    planted 
I      M.y8. 

S-pt.    3 

85 

16.24 

10.50 

2.14 

64.  G6  ! 

223 s 

Auj?.  28 

19 

12.74 

5.56 

3.86 

43.  G4  1 

Awr.  28 

29 

13.15 

6.10 

3.73 

4G.  30  i 

\  Same  ;  planted  Mav  18. 

Sept.  18 

229 

16.50 

10.05 

2.28 

€0.91 

) 

' 

1 

Link's    Hybrid ;    planted 
May  8.     This  plot  with 
tlie   iS'ow    Oiaiige,    and 
several  otliers  near  this, 
were  injured  bydruiigbt 
and    insects    -so    tliat 

97........ 

Aug.  31 

58 

12.00 

5.76 

2.55 

48.00 

i 
J 

! 

j      analysis  were   not  cou- 
)      tinned  on   it.       A  lajge 
series  of  analyses  were 
made  on  anotlier  plot  of 
the  same  variet}',  whidi 
arc  given  uiidei-  the  ex- 
periiiunts    in    devclop- 
[     nient,  page  122. 

( 

Aug.  25 

10 

12.  42 

4.57 

4.  7C 

3G.  79 

]  Trice  s  Hybrid  :  said  to  be 
(^     a  cio.ss  between  Amber 
(      and  Honduras  ;  planted 
J      ilavH. 

101 <; 

i 

Sept.    .S 

84 

1G.84 

10.77 

2.71 

63.  9.5 

Sept.    6 

111 

16.10 

9.20 

2.96 

.57.14 

(  The  Planters  Fiifnd;  re- 

1      ceived  froin  Australia; 

phmted    ]M:iy  18.     Ihis 

i 

variety  was  tested  at  tiio 

( 

Sept.  18 

231 

17.00 

10.81 

1.79 

63.  .SO 

(Jovernment     iarms    in 

214 ] 

Sp])t.  r.o 

418 

L'O.  ro 

13.83 

1.G6 

G7.  4(i 

^     Madr;)s,   India,  in  1882, 

( 

Oct.      i 

455 

18  OG 

lu.  96 

3.38 

GO.  68     j      with  two  otbtrvarietiey, 

anti  was  considered  the 

l)cst  in  sacchaiine  (jual- 

1      ilies.     It  is  a  promi.siug 

(,     vaiiety. 

*  Plot  100.  Honey  Drip,  from  Te.xas;   planted  Mav  8.     Laige  tlocky  canes  and  large  sced-heails. 
Analyses  given  under  development  experiments,  page  123. 


HONDURAS. 


This  variety  is  widely  known  and  distributed  under  its  various  names 
of  Spraugletop,  Broom  cane,  etc.  It  produces  a  larger  yield  per  acre 
than  any  other  well-known  variety  of  sorghum.  It  has  been  known  at 
Sterling  to  yield  as  high  as  33  tons  of  field  cane  per  acre.  In  none  <  t 
the  plots  planted  with  it  did  it  ripen  sufdciently  to  show  maturity. 
The  hope  for  this  variety  lies  in  its  improvement  b3^  selections  of  early 
maturing  canes. 
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Plat. 

Date. 

No.  of 
analysis. 

Dojrroo 
Iirix. 

Sucrose. 

Gliico.se. 

CocHiciciit 
of  purity. 

llciuai  li.s. 

,- 

Per  cent. 

Per  cent. 

(  IIomlniM.s  :ioiii  L()iiisi;iii;i, 

Gt  .... 

■\ 

Oct. 

G 

48". 

15.  75 

9.34 

:«.  35 

59.  30 

i       vcrv     In-Lic     cjuics     Imt 

Oct. 

15 

595 

15.  54 

9.54 

3.24 

GI.39 

■]      inorcalVcctcdbydroiiiilit 

1      tliaii  No.  G.i. 

G3 

May 

8 

(  lldiidunt.s,  I'loin    Arizona. 
}      No  ajialysis  was  iiKidr. 

■  Honey   c.me  fiom    Texas. 
Slifilit   difiereiices  Ir.mi 

C)  .... 

May 

8 

tiouduras.    No  analysis 
made. 

"  Silver    Top     or    IJrooni 

(yiine "       from      Texas: 

(IG  .... 

\ 

Sept 

19 

25i 

14.92 

8.  35 

4.19 

55.  90 

planted    May    H.      Tlio 

liandsoMie-t   lot  of    tli<^ 

1      Honduras  canes  ;    iiir;:o 

Oct. 

22 

654 

15.15 

9.84 

2.72 

61.95 

1      weijiht  of  cane  did   not 

I     vipon. 

rGoDsencck     fi'om     Soulh 

1      Cariilina;    jilamed  May 

7G  .... 

{ 

Oct. 

22 

GG4 

17.20 

11.38 

2.  59 

GG.IG 

1      8.      Lariio     canes;     llio 

Oct. 

24 

68  L 

18.00 

11.78 

2.GG 

65.44 

■)      most  i>()piil.ir  vaiiety  in 

1      some  i)ai'ls  of  tli(i  Soutli ; 

[      did  not  ri|)t!n  well. 

f 

Auff. 

30 

45 

14.29 

7.  G5 

3.03 

53.  53 

(  Waiihansee.       Tliis     was 

230... 

1 

Sept. 
Sej.t. 
Oct. 

17 

21 

."3 

221 
■"■"4G8 

]5.ri9 
IG.  07 
lu.  ;{2 

10.  :i8 
10.  8J 
11.71 

1.4-2 

1.37 

.91 

60.58 
67.  33 

71.  75 

formerly   a  ])opiilai'   vji- 

liety  in  Kansas,  but  lias 

;      li)st  favor;  larire  eano.'-, 

1      stronoly  rooted  ;     luruo 

1      seeds    and  heavy   seed- 

i 

Oct. 

6 

498 

15.87 

11.10 

.92 

GO.  91 

I 

Oct. 

15 

15.77 

10.94 

1.21 

69.37 

(      heads. 

("Texas  lied,  received  fioiu 

Arkansas;  laige  c:\iHM)f 

tlioliondurastyjie;  seeil 

bright  red.       vVas    not 

grown    at    llio  station, 

and   the  analysis  iiiven 

Oct. 

10 

545 

20.25 

13.80 

2.84 

G8.14 

wasasiD<ilecan(M[i  a  lot 
")     received  from  Arkansas. 

The  high  pei'centage  of 

sugar  in  connection  v.  it  h 

thegreatsize  of  thecano 

would  .seem  to  lend  in- 

terest to  its  further  in- 

[     vestipation. 

f  White  African    Analysis 

2:9.... 

-- 

May 

19 



)      given     under     experi- 
]     ments   in  development, 
[     page  122. 

UNNAMED   VARIETIES. 

In  many  cases  packages  of  sorglinaiseed  were  received  and  planted 
in  tlie  experimental  field,  which  showed  as  they  matured  that  tlicy 
liad  been  wrongly  named.  When  the  plot  was  seen  to  be  identical  be- 
yond doubt  with  some  other  well-known  variety,  it  would  be  classed 
with  it,  as  has  been  done  in  several  cases  above.  But  this  could  not 
be  decided  definitely  in  all  cases.  Varieties  were  also  received  lor  identi- 
fication wiiich  were  uiihnown  to  us. 

Ten  varieties  Avcre  received  from  Algiers,  the  names  of  which  conhl 
not  be  given  by  the  person  who  sent  them. 

Probably  the  most  interesting  collection  of  seed  received  by  the  sta- 
tion was  furnished  by  Dr.  Peter  Collier,  director  of  the  New  York  ex- 
periment station.  It  comimsed  a  large  number  of  varieties,  including 
many  from  foreign  countries,  collected  through  consuls  while  Dr.  Collier 
was  in  the  IT.  S.  Dci)artment  of  Agriculture.  Unfortunately  the  names 
and  records  of  these  varieties  could  not  be  obtained. 
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Some  of  tliese  uniiained  varieties  could  perLaps  be  pretty  closely 
identified^  but  it  is  thought  better  to  give  them  at  ])resent  just  the 
1] umbers  of  the  experimental  plots  where  they  grew  until  they  can  be 
more  certainly  ideutified  by  another  season's  planting. 


15. 


26. 


28. 


33. 


39. 


44. 


Sept.  10 
Sept.  ]8 
Oct.  ]5 
Oct.  19 

(  Sept.  18 
J  Oct.  8 
]  \  Oct.  15 
t!  Oct.  19 

r!  Sept.  11 
i  Si'pt.  18 
J  Sept.  2G 
"1  Oct.  G 
I  Oct.  ir> 
[    Oct.    19 


Sept.  I.')  I 
Sept.  26  i 
Oct.    15 
Oct.    19 


Sept.    1 
Oct.    19 


I  Sept. 
Sept. 
Oct. 

!  Oct. 


Sept.  18 
Oct.  6 
()ct.  15 
Oct.    23 


(:  Sept.  18  j 
<  S  0<-.t.      8 
(    Oct.     15 

..j  Oct.    15 

(  Ans;.  29 
Sept.  1 
1  Sojit.  10 
i  :  Sept.  18 
I  Sept.  26 
I  Oct.  9 
I    Oct.      9 

Sept.  1 
Oct.  6 
Oct.    19 

i 
r    Sept.     1   I 
Se|)t.  18  ' 
<;     Sept.  26 

I  ;  Oct       5 

I I  Oct.. 


15! 


47. 


f  An?. 
Sept. 
Sept. 

I     Sept. 

!  I  Sept. 

1  I  Sept. 
Sept.  11 
Sept.  18 
Sept.  26 
Oct.  9 
Sept.  18 


138 
234 
610 
U41 

237 
513 
Gil 
610 

1.50 
245 
34G 
5)0 
606 
646 


Desree 
Biix. 


Sucrose. 


73 

644 

72 
235 
496 
643 

236 
497 
609 
673 

238 
515 
COT 

608 

24 
66 
137 
211 
351 
521 
522 


494 
647 

76 
242 
345 
480 
603 

13 

77 

78 

79 

80 

121 

149 

249 

350 

527 

243 


14.13 
15.72 
16.26 
14.50 

9.6^ 
12.  2i) 
10.56 
10.50 

17.67 
16.  .54 
18.72 
16.37 
17.50 
18.  CO 


239 

17.27 

347 

18.64 

006 

17.50 

642 

17.10 

13.49 
16.10 

14.84 
14.80 
14  92 
17.09 

15.70 
18.42 
17.10 
15.69  j 

14.  30  ' 
10.  3L 
13.50 

i 
16.20  j 

12.08  ! 
13.90 
14.44 
10.97 

16.  07 
16.88 
17.08 

10. 14  I 
15.32 

14. 06 : 

13,22 
10.  47 
18. 32 
17.20 
16.70 

14.85 
18.  23 
17.26 
17.36  , 

16.73 ; 

15.62  i 
18.40  ' 
14.!)7 
17.44 

17.  58 
17.52 


Per  cent. 

7.40 
10.58 
11.48 

8.01 

3.66 
6.55 
3.80 
4.05 

10.46 
9.33 
12.58 
10.00 
11.31 
13.84 

11.39 
12.  87 
11.31 

11.  24 

7.57 
10.70 

8.60 

9.05 

10.40 

11.54 

8.57 

12.  72 
11.09 

8.53 

6.16 

11.48 

8.14 

11.38 

5.77 
7.30 
7.64 
10.87 
11.85 

11,  59 
11.48 

3.76 

10.29 

8.97 

6.69 
10.94 
13.32 
12.79 
12.19 

9.39 

12.  29 
11.07 
10.83 
11.29 
10.12 
12..^ 

9.  05 
11.87 
11.71 
11.24 


Glucose. 


Coefficient 
ot  purity. 


Remarks. 


Per  cent. 
2.76 
1.66 
1.29 
2.04 

3.04 
2.65 
3.34 
2.80 

3.25 
3.75 
2.48 
2.  92 

.77 
.55  I 

.77 
.65 


1.91 
1.31 

2.55 
2.16 
1.74 
1.49 

3,68 
2.86 
2.96 
1.38 

2.24 
LGO 
2.12 


2.73  I 
2.  80  I 
2.80  1 
2.08  i 
1.41 
1.2i 
1.81 

1.22  I 

.63  I 
.79  i 


1.54 

1.06 

.67 

.60 

.60 

1.88 
1.23 
1.80 
1.36 
1.42 
1.44 
1.25 
1.86 
1.05 
1.22 
.73 


52  I  t 


54.59 


rianted  May  8.  Canes  ir- 
rci^uliU ;  badly  nii.xed. 
From  this  country. 

Planted  May  8.  Rema-lc' 
ably  large,  but  short 
cauea,  very  heavy  se'  (!■ 
heads  ;  not  a  promi.siuji 
variety.  From  Soutli 
Attica. 

Planted  May  8.  Large, 
liand.some  canes,  free 
from  all  offshoots  until 
over-ripe;  a  promising 
variety.  Prom  this 
eountrv. 

Plante  t  May  8.  Every 
cine  formed  seveial 
heads:  light. seed-beaier: 
notable  in  its  low  con- 
tent of  glucose.  From 
India. 

Planted  May  8.  Same  habit 
as  N"o.  15?  From  South 
Africa. 

Planted  May  8.  Largo 
stocky  canes,  free  from 
olfdhoots;  heavy  seed- 
top.    From  this  country. 

Plauted  May  8.  Large  and 
line  canes,  free  from  olf- 
shoots  until  over-ripe: 
light  seed-bearer.  From 
Africa. 

Planted  May  8.  Shor'. 
stoc  k y  canes ;  heavy 
seed-tops.  From  South 
Africa. 

Planted  May  8.  Kot  a 
promising  variety. 
From  Africa. 

Planted  May  8.  Good 
canes,  free  from  off- 
shoots  uutil  overiipe. 
From  this  country. 

Y  Planted  [May  8.  Tiie 
'  largest  canes  in  the  ex- 
{  ])eriniental  tield;  diii 
I  not  fuilv  mature.  Fiom 
(      Africa." 

(-Planted  May  8.  Good 
I  cines:  few  oflfshoot.s. 
I  From  Africa.  Keiuaik- 
*)  able  from  its  low  con- 
1  tent  of  glucose  aud  high 
i     purity. 


I  Planted  May  8.  Good 
[^  canes,  tail  and  slender; 
I  mi.xed  varieties.  From 
this  eountrv. 


Planted    May 
to  No.  15. 


Similar 
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riot. 

Date. 

Ko.  of 
analysis. 

Desrco 
r.rlx. 

Sucrose. 

Glucose. 

Coefficient 
of  purity. 

Rcinarlfs. 

Per  cent. 

Per  cent. 

48 

r 

Sept.     1 
Sept.  11 
Sept.  18 

82 
144 
240 

1G.71 
14.  50 
18.45 

9.42 
7.34 
13.09 

3.73 
3.28 
2.04 

56.  37 

50.  62 
70.  9.> 

"!  IManted    May    8.     Diff  r.s 
-^     biitsHghtlyfioniOnuimj 
j      caucH. 

{ 

Sept.  2G 

350 

19.21 

13.52 

1.98 

70.  38 

( 

Aug.  29 

2G 

10.68 

4.90 

2.  65 

45.  88 

1 

1 

Sept.     1 

C9 

13.82 

7.65 

2.72 

55.  35 

1 

50 

1 

Sept.    1 
Sept.    1 

70 
71 

12.32 
17.34 

5.07 
10.76 

3.40 
2.90 

41.  15 
62.  05 

[rianled    May    8.      Mixed 

1 

Sept.  18 

252 

17.02 

12. 15 

1.  25 

71.39 

canes. 

1 

Oct.      (] 

495 

17.84 

12.  90 

1.6G 

72.  31 

I 

Oct.      9 

524 

18.00 

13.28 

1.01 

73.  78 

J 

r 

Sept.  10 

141 

14.41 

7.  95 

2.  90 

55. 17 

1 

1 

Sept.  18 

250 

17.07 

11.26 

3.22 

G.5.  96 

Ile.seiiiUles     Chinese,    but 
[      HJiorteraud  more  .stocky 

51 

1 

i 
1 

Sept.  2G 
Oct.      6 

352 
493 

17.44 

17.77 

11.73 
12.80 

3.66 
2.27 

67.  2G 

72,  03 

Oct.     If) 

599 

16.87 

11  54 

2.  25 

68.41 

'      canes.     From  this  conii- 

! 

Oct.    19 

G32 

17.78 

12.65 

2.27 

71.15 

1      ti.^ 

I 

Oct.    2^ 

GG5 

16.  00 

11.19 

1.99 

69.94 

J 

f 

Sept.  18 

253 

18.07 

11.66 

.91 

64.  53 

1 

Oct,      fi 

492 

15.47 

10.  67 

.99 

68.97 

1 

n 

1 

Oct.       9 

52G 

16.70 

11.02 

.61 

65.  99 

!  Similar  to  No.  15.  Planted 

^ 

Oct.     15 

597 

17.37 

11.08 

.66 

63.  79 

;      May  8. 

i 

Oct.    19 

C33 

17.50 

11.15 

.97 

63.71 

I 

Oct.    20 

C52 

16.  85 

10.  47 

J.  02 

62.  14 

j 

r 

Sept.  18 
Oct.      C 

251 
490 

13.47 
16.  85 

4.90 
10.  57 

4  t8 
2.96 

36  38 
62.  73 

]  Planted   May  8.      Sti'onir 

53 

I 

Oct.    15 
Oct.    19 

598 
G:j5 

14.37 
12.  08 

7.  18 
4.81 

4.00 
4-01 

49.  97 
39.  82 

■     Htocky  caucs ;  large  seed- 
j      beads;  good  canes. 

f 

Sept.  19 

260 

14.77 

6.  15 

4.72 

41.61 

i  Planted    May  8.      (^x  o  o  d 

\ 

Sept.  20 

349 

17.70 

9.  .52 

4.24 

53.79 

I      ciines;  light  seed-bearer, 

57 

Oct.      0 

489 

18.20 

9.58 

3.65 

52.  04 

}     spraugled    seed-top;    no 

1 

Oct.    15 

59J 

18.36 

9.97 

3.87 

54.  30 

1      otTslioots     until    over- 

Oct.     19 

634 

18.00 

9.93 

3.50 

55.17 

J      ripe.  From  this  country. 

• 

f  Planted  May  8.       Laige, 

handsome    canes,    the 

finest  in  the  experimen- 

tal Held,  has  th(>sniallest 

seed-heads  and  prodnees 

lessseed  than  any  othi  r; 

( 

Oct.      G 

487 

18.78 

13.07 

2.2G 

69.  60 

no   offshoots    until    ma- 
ture,   when   it  show,^  a 
tendency  to  produce  sec- 
ondary  seedlu'ads;  did 

61...   . 

.\ 

Oct.    15 

594 

18.92 

13.13 

2.40 

69.40 

I 

Oct.    19 

636 

18.60 

13.06 

2.32 

70.22 

not  fully  mature  befi  ro 

frost,     it  will    perhaps 

succeed     bettei-     wlien 

fully  acclimated.      It  is 

a     very    promising   vi- 

l     riety.  " 
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deyelop:me]nt  of  soeghum. 


Four  plots  of  (liffercDt  vaiictics  weic  selected  for  the  iiuipose  of 
iTiakiug  frequent  analyses  to  trace  the  development  of  the  canes.  The 
analyses  were  begun  the  first  week  hi  September,  and  samples  were 
taken  every  other  day  until  after  frost.  The  results  are  given  in  the 
following  tables: 

Development  of  JJ'hife  Jfiicaii,  plot  229. 


Date. 

Xo.  of 

analysis. 

Sept.    4 

91 

Sept.     (J 

lu6 

Sept.    8 

124 

Sept.  11 

143 

Sept.  13 

JOS 

Sept.  15 

]9t 

Sept.  18 

230 

Sept.  20 

276 

Sei)t.  22 

30.') 

Sept.  25 

:-i27 

Sept.  27 

3(J.3 

Sept.  29 

402 

Ocr.      2 

433 

Oct.      4 

452 

Oct.      U 

48.-J 

Oct.      9 

519 

Oct.     11 

O.*).) 

Oct.     13 

5«. 

Coeifi-    1 

Uiix'. 

Svicrosc. 

Glucose. 

cient  of  ; 
purity. 

/•(';•  cent. 

Per  cent. 

1 

J4.  G4 

7.41 

2.  52 

51.02  ! 

J5.  :iO 

7.93 

2.66 

51.  96  ! 

14.78 

7.87 

2.66 

53.24  1 

14.  70 

8.20 

2. 22 

56.20 

14.82 

8.00 

2.24 

54.  39 

15.53 

9.1! 

2.02 

58.66 

14.10 

-     7.19 

2.32 

50.-99 

14. 12 

7.  19 

2.42 

50.92  1 

17.  20 

11.10 

1.07 

64.  54 

15.  8  J 

9.  68 

].S8 

61.  19 

]4.27 

7.33 

2.  42 

51.36 

13.  58 

6.66 

2.44 

49.04  j 

12.  87 

5. 15 

2.32 

40.01  1 

12.  23 

5.81 

2.34 

47.50 

11.67 

5.22 

2.22 

44.73 

Vi  39 

8.63 

2.22 

04.  45 

14.18 

7.87 

2.  26 

55.50 

15.76 

9.14 

1.85 

5<.  OO 

lleiucrlcs. 


Seed  soft. 

Do. 

Do. 
Seed  iretting  hard. 

Do. 
Seed  hard. 
Seed  mature. 
Seed  bard. 

Do. 
Seed  brittle. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do.' 


Development  of  Linlc's  Hi/lrid,  plot  0. 


Sept. 

^ 

.     88 

15.  59 

8.  53 

2.13 

51.71 

Seed  soft. 

Sept. 

5 

9(3 

14.20 

7.78 

2.41 

54.79 

Do. 

Sept. 

7 

117 

15.27 

9.37 

1.94 

01.36 

Do. 

Stpt. 

10 

]35 

15.  42 

9.28 

2.21 

60.18 

Do. 

Sept. 

12 

154 

16.  to 

10.18 

1.96 

63.03 

Do. 

Sept. 

14 

]8t 

15.20 

10. 22 

1.  .^6 

67.  24 

Seed  n:etlin2;  hard 

Sept. 

17 

215 

15.75 

10.41 

1.  75 

66.30 

iU>. 

Sept. 

]9 

257 

10.15 

1 0.  55 

1.L6 

6-,.  33 
^        70. 37 

Do. 

S.pt. 

21 

2Sj 

17.  35 

12.  21 

1.43 

Do. 

Sept. 

24 

314 

18.00 

12.  £9 

1.01 

72.17 

Seed  becoming  bi- 

t  tie. 

Sept. 

26 

338 

18.08 

12.75 

1.33 

70.  52 

Seed  brittle. 

Sept. 

28 

38.* 

19.  02 

13.99 

l.U 

73.  55 

Do. 

Oct- 

1 

419 

18.88 

13.62 

1.14 

72.14 

Do. 

Oct. 

3 

413 

18.92 

14.  09 

.  09 

74.47 

Do. 

Oct. 

5 

466 

18.45 

13.97 

.82 

7.5.  72 

Do. 

Oct. 

8 

507 

18.38 

13.50 

1.  06 

73.45 

Do. 

Oct. 

10 

543 

18.05 

13.27 

.79 

73.  52 

Do. 

Oct. 

12 

571 

18.72 

13.91 

.  75 

74.  31 

])o. 

Oct. 

15 

585 

16  64 

11.49 

1.40 

69.  05 

D6. 

Oct. 

37 

020 

17.31 

12.  24 

.  r9 

70.71 

Do. 

Oct. 

20 

651 

18.26 

13.45 

.1.0 

73.  f  6 

Do. 

Oct. 

23 

071 

17.31 

12.15 

1 .  29 

70.  19 

Do. 

,     Oct. 

24 

678 

17.  CO 

11.65 

I.IO 

66.  19 

Do. 

1     Oct. 

28 

683 

16.  8:! 

9.45 

50.  15 

Do. 

j     Oct. 

30 

694 

20.40 

8.25 

6.04 

40.44 

Do. 
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Devdoirmeni  of  Iloueijdvip,  plul  100. 


Date. 

Xo.  of 
analysis. 

Degree 
Biix. 

Sucrose. 

Gill  cose. 

Coeffi- 
cient of 
purity. 

Eematka. 

Per  cent. 

]^er  cent. 

AwiT.  31 

f)9 

11.47 

5. 14 

3.  00 

44.81 

Seed  .'^oft. 

Auji.  31 

CO 

14.52 

6.  0(5 

2,  04 

41.74 

Do. 

Sept.    4 

92 

13.50 

0.  08 

3.  05 

45.01 

Do. 

Sept.    G 

]07 

15.  20 

8.05 

3.  39 

52.  95 

Do. 

Sept.    8 

131 

14.  99 

8.13 

3.  1 0 

51.24 

Do. 

Sept.  11 

142 

14.87 

T.91 

3.  09 

.53.19 

Do. 

Sept.  13 

]G7 

15.23 

7.91 

3.01 

,52.  13 

Do. 

Se])t.  15 

]!)G 

1,5.  12 

8.  05 

3.  :!2 

53.  24 

Seed  jrdtiiv.:-  Imrd. 

Sept.  18 

2.^2 

10.20 

9.  57 

2.50 

.59.  07 

Seed  mill  lire. 

Sept.  20 

277 

10.02 

10.  98 

2.01 

00.  00 

Seed  brittle. 

Sept.  22 

30,j 

17.  H5 

11.75 

2.  30 

05.  83 

Do. 

Sept.  2.'-) 

32G 

J5.0G 

8.48 

2.41 

50.31 

Do. 

Sept.  27 

3(i4 

10.77 

10.22 

2.30 

GO.  94 

Do. 

Sept.  2f) 

40;! 

1.5.82 

9.09 

2.  01 

•57.40 

Do. 

Oet.      2 

432 

10.  89 

10.  KO 

2.  05 

03.91 

Do. 

Get.      4 

4:)3 

18  00 

11.  29 

2.12 

02.51 

Do. 

Oct.      () 

484 

17.74 

12.  41 

1.00 

09.  95 

Do. 

Oet.      y 

.^)20 

17.  38 

11.37 

1.91 

05.  42 

Do. 

Oct.     U 

.'^ilG 

10.  18 

9.71 

1.87 

CO,  01 

Do. 

Oct.    13 

581 

18.  .50 

12.40 

1.40 

07.13 

Do. 

Oct.     IG 

CU 

17.  15 

10.74 

1..58 

02.  02 

Do. 

Oct.    ID 

029 

10.  85 

10.75 

i.r8 

G3.  80 

Do. 

Oct.    22 

GGG 

15.  70 

10.02 

1.02 

07.04 

Do. 

Oct.    28 

t:84 

10.  80 

9.11 

3.40 

54.  23 

Do. 

Oct.    30 

090 

14.60 

.5.  31 

5.  24 

30.  37 

Do. 

Oct.    30 

697 

10.80 

6.29 

4.24 

37.41 

Do. 

Development  of  JLarly  Oranr/e,  plot  228. 


Sept.  7 
Sept.  10 
Sept.  12 
Sept.  14 
Sept.  17 
Sept.  19 
Sept.  21 
Sept.  24 
Sej)t.  20 
Sept.  28 
Oet.   1 


0<t 
Oct. 
Oct. 
Oct. 
Oet. 
Ocr. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


119 

136 
155 
181 
217 
258 
280 
315 
3;)9 
3>9 
420 
444 
467 
500 
514 
570 
,58G 
619 
628 
002 
072 
079 
G85 
693 
095 


10.30 
15.  52 
10.67 
17.70 
16.52 
17.  97 
17.  04 
18.12 
19.  20 
38.52 
19.70 
17.45 
18.76 
18.60 
18  77 
18.82 
18,04 
18.62 
18.29 
10.50 
17.35 
17.  GO 
10.00 
16.30 
15.50 


10.03 

1 
3.07 

9.17 

3.  30 

10.59 

2.71 

11.90 

2.  48 

10.72 

2.63 

12.47 

2.  02 

11.01 

2.07 

12.21 

2.48 

13.  05 

2.  y2 

13.  C5 

2.09 

13.  67 

2.10 

12  57 

2.09 

13.62 

1..2 

13.  25 

1.84 

13.57 

1.48 

13.61 

1.48 

13.08 

1.97 

1.3.  08 

1.  00 

13.15 

1.  75 

11.11 

2.17 

11.50 

1.8t 

10.60 

2.01 

0.73 

4.80 

8.49 

3,50 

0.17 

4.  ir8 

01.31 
.59.  09 
03.  53 
07.23 
04.89 
09.  39 
04.61 
07.  38 
70.87 
70.46 
G9.39 
72.  03 
72.00 
71.24 

72.  ;;o 

72.32 
70.17 
70.  25 
71.90 
07.3.! 
06.  63 
60,23 
40.  .54 
52.  09 
39.81 


ittle. 


Seed  soft. 

Do. 
Seed  ectting  Iiar^ 

Do. 
Seed  mature. 

I*o. 

D... 
Seed  Li 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Considerable  ^vorklias  akeady  becnpiiblisljed  on  tbe  subject  of  the  de- 
velopment of  sorgbnm  cane  and  tbe  changes  undergone  by  the  ditlerent 
Constituents  of  the  juice  as  the  cane  approaches  maturity.  The  great  dif- 
ficulty in  all  such  work  comes  from  the  liability  to  error  in  sampling.  A 
sample  taken  one  day  may  show  a  lower  content  of  sucrose  than  one 
taken  the  day  before,  not  because  the  cane  has  all  undergone  deteriora- 
tion, but  because  the  sample  taken  on  the  second  d;iy  was  composed  of 
l)oorer  canes  than  the  first.  ]\loreover,  there  is  undoubtedly  some  change 
lu'ought  about  in  the  quality  of  the  juive  by  conditions  of  the  soil  and 
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atmospLcre,caosiDg  a  difference  in  the  amount  of  water  contained  by  the 
plant  at  different  times.  It  is  quite  an  important  matter,  however,  to 
ascertain  the  point  in  the  development  of  the  plant  when  it  contains  its 
maximum  of  sugar,  especially  if  this  point  is  coincident  with  some  out- 
ward appearance  of  the  plant  by  which  the  proper  time  for  working  it 
up  may  be  known;  and  the  difiiculties  in  the  way  should  not  deter  us 
from  a  progress  in  that  direction.  It  has  been  asserted  that  the  sor- 
ghum cane  is  ready  for  working  as  soon  a»the  seed  is  mature.  Our  work 
on  development,  and  observations  in  general  would  lead  us  to  doubt  the 
truth  of  this  tenet.  The  juice  does  not  attain  its  maximum  of  sucrose  or 
of  purity  until  long  after  the  seed  is  sufficiently  mature  to  germinate. 
From  the  above  tables  it  will  be  seen  that  the  canes  improved  materially 
after  the  seed  had  become  perfectly  hard  and  brittle,  and  after  the  ap- 
pearance of  the  canes  in  general  would  have  led  most  practical  sorghum 
men  to  pronounce  them  overripe.  With  the  exception  of  the  White  Afri- 
can, none  of  the  varieties  used  commenced  to  deteriorate  until  after  there 
had  been  heavy  frosts,  about  the  middle  of  October.  All  were  varieties 
that  are  rather  late  in  maturing,  as  work  was  not  commenced  in  time 
to  follow  the  development  of  any  of  the  earlier  varieties.  There  is  lit- 
tle doubt  but  that  the  later  varieties  are  generally  harvested  too  early 
in  the  work  of  the  factories;  and  the  necessity  is  evident  of  either  making 
late  successive  plantings  of  the  earlier  varieties,  planting  varieties  which 
ripen  intermediately  between  the  early  and  late,  or  of  selecting  from  the 
later  varieties  with  a  view  to  their  earlier  maturation.  It  is  a  pretty 
general  observation  in  our  experience  that  the  ripeness  of  sorghum  cane 
is  overjudged  v/hen  based  upon  its  external  appearance,  and  doubtless 
many  of  the  published  analyses  which  have  brought  disrepute  to  sor- 
ghum as  a  sugar-producing  plant,  aside  from  the  cases  where  it  was 
grown  too  fiir  north  to  permit  of  its  maturing,  were  made  upon  canes 
which  had  been  cut  when  the  seed,  but  not  the  juice,  was  mature. 

SUMMARY   OF   THE   ANALYSES   OF   DIFFEREN'T   VARIETIES. 

In  the  following  table  the  highest  result  attained  by  average  samples 
from  plots  of  the  different  varieties  grown  is  given.  In  nearly  all  cases 
the  sample  showing  the  highest  content  of  sugar  gave  also  the  best 
results  in  the  other  two  essentials,  viz,  minimum  of  glucose  and  maxi- 
mum of  purity;  but  where  this  rule  did  not  hold  good,  the  analysis 
which  showed  superiority  in  two  essentials  was  inserted  as  the  maxi- 
mum analysis  attained  b3'  the  variety  during  the  season. 
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Muxlmnni  aiutlijsis  of  each  rariehj. 

r 


Variety, 


Swain's  Early  Golden  

E;\rly  Tennessee 

Wliitinji's  Early  variety 

lilac.k  AiuUcr..! 

Willi 0  Amber 

Early  Amber  I'rom  New  York   

liarly  Amber  from  Kansas 

Eoliier's  Early  variety 

Chinese  from  Central  Ameriea     . 
Ciiineso  from  New  Sonlh  Wales  .. 

Cliinese  from  Africa 

Cliinese  I'rom  United  States 

W'liite  India 

\\'iut(^  India  from  L'uiisiaua 

ICarly  Orange  I'rom  Kansas 

Early  Orange  from  South  Carolina 

Early  Orange  from  Arkansas 

Early  Orange  fiO)n  Louisiana 

Kansas  Orange 

New  Orange '. 

Late  Orange  from  New  Jersey 

Medium  ()iai!g(>. 

Jied  Lib(rian  hom  Missouri 

Red  Liberian  from  Texas 

Golden  Rod 

Honey  Dew 

Duteher's  Hybrid 

Link's  Hybrid , 

Price's  Hybrid 

Planter's  Friend 

Honduras  from  Louisiana 

Honduras  from  Texas 

Gooseneck  

Waubauseo  .   

AVhite  African 

Texas  Ked  


Unna'mcd  varieties. 


Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
I'lot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 


No.  9, 
No.  11, 
No.  14, 
No.  15, 
No.  J  6, 
No.  22, 
No.  24, 
No.  26, 
No.  28, 
No.  33, 
No.  36, 
No.  39, 
No.  44, 
No.  .^0 
No.  51 
No.  53 
No.  57, 
No.  61 


United  States. 
South  Africa. . 
United  States. 

India 

South  Africa.. 
United  States. 

Africa 

Africa 

Africa  .'. 

United  States. 

Africa 

Africa 

Uiiited  States. 


United  States. 


Average 


!)3 

102 

231 

!)0 

!)2 

23 

I 

240 

62 

215 

232 

37 

6!) 

67 

81 

228 

87 

68 

4!) 

88 

89 

235 

72 

73 

95 

259 

98 

0 

101 

214 

G4 

66 

76 

230 

229 


L'al. 


Aug 

An- 

Aug 

Se,,t 

Aug 

An." 

Au 

Oci 


24 
24 
30 

:.  24 

;.  24 

:.  25 

4 


Oct.  15 
Sept.  17 
Oct.  8 
t)(t.  8 
Oct.  9 
Oct.  5 
Sept.  27 
Oct.  5 
Sept.  19 
Sept.  15 
Sept.  9 
Sept.  27 
Oct.  9 
Sept.  26 
Oct.  4 
Sept.  27 
Sept.  5 
Oct.  22 
Sept.  3 
Oct.  5 
Sept.  3 
Sept.  30 


Oct. 
Oct. 

Oct. 
Oct. 
Sej.t. 
Oct. 


Oct.  15 
Oct.  8 
Oct.  19 
Sept.  26 
Oct,  19 
Oct.  19 
Oct.  6 
Oct.  8 
Oct.  15 
Sept.  26 
Oct.  6 
Oct.  5 
Sept.  26 
Oct.  9 
Oct.  6 
Oct.  6 
Oct.  19 
Oct.  19 


¥  '!S^r 


41) 
120 


4 
8 
460 
593 
216 
508 
511 
531 
474 
371 
467 
270 
601 
5?3 
375 
540 
341 
462 
367 

9!) 
600 

8-) 
4'i6 

81 
418 
595 
654 
664 
468 
305 
545 


610 
513 

C4G 
347 
644 
643 
497 
515 

tos 

351 
494 
480 
356 
524 
493 
490 
634 
636 


18  03 
I."..  5t 
i:..  03 
12.88 
IK.  03 
18.10 
17.54 
10.78 
17.37 

16.  29 
17.98 
19.00 
17.67 
1().  33 
17.58 
18.70 
16.53 
17.90 
10.91 
10.25 

17.  90 
10.  70 

18.  80 
10.92 
11.35 
18.  10 
16.21 
18.45 
16.81 
2»).  50 
15.  54 
15.15 
1 7.  20 
10.32 
17.20 
20.25 


16.20 
12.  kO 
18.00 
18.  64 
10.  10 
17.09 
18.42 
16  31 
16.20 
16.97 
1.5.  32 

17.  20 
17.44 
18.00 
17.77 
16.  8') 

18.  00 
18.  CO 


16.79 


Sii- 
•rose 


Pr.ccnt. 

12.  88 
8.  45 

]').  3i) 
6.  50 
]•-'.'.  9 

13.  ^lO 

13.18 


Glu- 
cose. 


11.91 
11.79 
9.76 
12.46 
13.23 
13.07 
11.90 
12.82 
13.62 
11.39 
12.  90 

12.  17 
9.  53 

12.73 
11.84 

13.  25 
14.76 

6.  96 
1 1 .  92 
10.  .50 
13.  97 
10.77 
1,3.  83 
9.  54 
9.84 
11.38 
U.71 
11.10 
13.80 


11.48 
6.  55 
1.3.  84 
12.  87 
10.70 
11.54 
12.72 
11.48 

11.  "8 
1L85 
10.29 

12.  79 
11.87 
13.28 
12.80 
10.57 

9.93 
13.06 


11.63 


Pr.ccnt. 
1.92 

2,  55 

1.48 

3.  It 
1.81 
1.  12 
l.OV 
1 .  46 

1.  35 

2.  25 
1.41 
1.40 
1.02 
1.26 
1.33 
1.72 

2.  20 

1.  13 
1.20 

3.  07 
2.32 
1.04 

2.  74 
1.8t 
4.48 
2.62 
2.14 

.82 
2.71 
1.66 
3.24 
2.72 
2.  59 

.91 
1.67 
2.84 


1.29 

2.65 

.55 

.65 

1.31 

1.49 

2.86 

1.60 

1.41 

1.41 

,63 

.00 

1.05 

l.Ol 

2.27 

2.96 

3.50 

2.32 


(;oeffi. 
eientof 
purity, 


71.44 
51.38 
65.  90 
.50.47 
7.'.  (i5 
75.  60 
75.14 

71.  16 
67.88 
50.91 
60.  30 

60.  6.i 

73.  90 

72.  87 
72.  92 
72.  60 
68.91 
72.07 
71. '.7 
58.  05 
70.76 

70.  90 
70.48 

74.  10 
48.50 
(•).5.  m 
01.66 

6.!.  05 
67.  46 

61.  .39 
61.95 
06.16 

71.  75 
64.  54 
68.14 


70.  CO 
53.  69 
74.41 

69.  05 
66.46 

67.  .52 
60.06 
70.39 

70.  25 
69.83 
67.17 
74.36 

68.  06 
73.78 
72.  03 
62.  73 
55.  17 
70.  22 


1.85  09.62 
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These  results  arc  quite  iiiterestiug  as  fiiruisliiug  a  meaus  of  compar- 
iscii  of  tLe  relative  meiits  of  the  (.liifeieiit  varieties.  Tbe  ten  varieties 
Nvhieb  stand  Ligbest  in  each  of  the  three  essentials  are  given  below,  in 
the  order  of  their  value. 

List  of  ten  vark'ti(s  (jh'bnj  lest  results. 


Variety. 


1.  Ked  Liberian  .. 

2.  Link's  Hybrid-. 

3.  I'ldtNo.  i-i 

4.  Pl:iiiter".sFriL-iid 

5.  Texas  Eed 

(!.  l''a'ly  Amber... 
7.  Earlv  Oraiice.-. 

S.  Plot'  IS'c.  Su". 

U.  Ciiinese , 

10.  WLito  ludia 


Sucrose. 


Ter  cent. 
)4.7G 
13.97 
13.  84 

J3.8;; 

l.l.FO 
13  70 
]  3.  02 
].3.  28 
13.23 
13.07 


Variety. 


Glucose. 


1.  riotXo.l-l.Uuitcd 

States. 
2    r lot  No.  39,  Af ilea 

3.  I'iotXo.  36.Atiica 

4.  riot:N'o.l.'3,Iu(lia. 

5.  Liiik'.s  Hybrid  . .. 
(i.  Waubau.sce • 

7.  Plot  No.  .50   

8.  Wiiite  ludia  ... 

9.  jSIedium  Oransro  . 
10.  Plat Xo.4i, United 

States. 


Per  cent. 
.55 

.60 

.03 

.0.5 

.82 

.91 

1.01 

1.02 

l.Oi 

1.05 


Variety. 


Coeluc  lent 
I  of  jjurity. 


1.  Link's  Tlvbrid.. 

2.  Earlv  Aiiibir... 

3.  IMolNo.  14   

4.  Plot  Xo.  :,9 

:'.  U'-d  Lib>-riau  . . 
0    AVIiiie  India 

7.  Plot  No.  50 

8.  Eailv  Oran;;e  .. 

9.  Plot "Ko.  .51  ..... 
0.  Kansas  Oraii;re. 


(.') 

74 

11 

7i 

•■(■, 

7J 

10 

73.  (.Hi 

T\ 

7,s 

Tl 

9? 

7"' 

"3 

71 

97 

These  lists  comprehend  altogether  eighteen  varieties,  of  which  four 
appear  in  all  three  of  the  lists,  four  on  two,  and  ten  on  only  one,  as 
follows : 


Variety. 

No. 

Variety. 

No. 

Variety. 

No. 

Plot  No.  14  

I 

3 

9 

Eed  Liberian 

Early  OranL;e 

Plot  No.  30    

Plot  No.  15 

2 

1          ' 
1 
1 
1 

Plot  No.  44 

Plot  No.  .57 

K:in.<as  Oranj^e  

I'lanler'a  Friend  ... 

Texa-^Jied 

Cliiuese 

Link's  Hybrid 

Plot  50 

White  India       ..... 

Plat  No.  3& 

Early  Amber 

Medium  Orange 

Fropa  this  it  will  be  seen  that  four  varieties  combine  in  a  high  degree 
the  three  good  qualities  of  a  large  percentage  of  sucrose,  low  content  of 
glucose,  and  high  purity  of  j nice.  Link's  Hybrid  and  the  unnamed  va- 
riety Ko.  14  divide  honors  for  the  first  place,  both  standing  very  near 
the  top  of  the  list  in  all  three  essentials.  The  former  has  always  proved 
a  good  sugar  producer  where  it  has  had  time  to  mature  before  frost. 
The  Early  Amber  is  noticeable  for  its  high  purity,  five  of  the  plats  of  its 
subvarieties  giving  a imrity  of  over  70.  From  this  quality  doubtless 
arises  its  snperiority  as  a  sirup-making  variety.  The  low  content  of 
glucose  in  several  of  the  unnamed  varieties  from  tro[)icai  countries  is 
remarkable,  as  most  of  them  were  not  entirely  mature  before  frost.  It 
must  not  be  lost  sight  of  in  comparmg  the  varieties  on  the  basis  of  the 
analyses  that  the  outward  faults  of  a  variety  may  entirely  overbalance 
its  value  as  shown  by  analysis.  The  Link's  Hybrid,  for  instance,  which 
gives  such  good  results  on  analysis,  has  a  fault  of  form  that  almost  de- 
stroys its  practical  value.     This  point  will  be  considered  further  on. 
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II.  Experiments  in  IJybuidizing  or  Crossing  Xauiktiks.— III. 
Experiments  in  Preserving  Sports  or  V^vriations. 

These  two  methods  of  improvement  may  as  well  be  considered  to- 
gether, for  in  the  i)resent  condition  of  the  sorghum  phmt  it  is  hard  to 
draw  the  line  between  them.  The  different  varieties  which  have  bo- 
come  established  cross  so  readily  with  one  another  that  where  variations 
occur,  in  a  field  of  cane  for  instance,  it  is  often  diilicult  to  say  positively 
whether  it  is  a  true  sport,  whether  it  is  from  one  seed  of  a  distinct  va- 
riety accidentally  introduced,  or  whether  it  is  from  a  seed  that  had 
been  cross-fertilized  from  a  different  variety.  Doubtless  both  causes 
of  variation  obtain  to  a  large  extent,  for  the  one  is  a  luxtural  conse(}uence 
of  the  other;  that  is,  on  account  of  the  readiness  with  which  two  i!i- 
dividuals  cross,  a  large  number  of  vaiietics  have  been  produced,  and  as 
many  of  these  are  not  Avell  established  or  fixed  they  exhibit  a  constant 
tendency  to  revert  to  original  types,  thus  showing  variations.  Whether 
the  wide  variations  shown  in  the  different  kinds  of  sorghum  are  due 
more  to  crossing  or  more  to  type  variation,  is  a  question  it  is  unneces- 
sary to  discuss  here.  It  is  sufficient  to  show  that  such  capability  for 
variation  does  exist.  In  the  work  done  at  this  station  no  distinction 
could  be  made  between  variations  produced  by  crossing  and  those  which 
were  true  sports.  As  this  season's  work  was  only  the  beginning  it  was 
impossible  to  obtain  true  artificiality-produced  crosses;  that  is,  varia- 
tions produced  by  the  careful  cross-fertilization  of  two  distinct  and 
definite  types.  The  plots  called  ''crosses "  were  planted  from  seed- 
heads  obtained  by  Mr.  Denton  from  various  fields  of  sorghum,  and  were 
simply  variations  from  the  general  type  of  the  cane  growing  about 
them.  In  the  great  majority  of  cases  the  canes  produced  from  this 
seed  showed  such  well-marked  reversions  to  two  well-defined  types 
that  it  was  a  pretty  fair  presumption  that  they  actually  did  result  from 
the  cross-fertilization  of  those  tyi)es.  But  of  course  sucli  work  should, 
in  the  future,  be  carried  out  upon  known  types  artificially  cross  feitil- 
ized. 

general  observations  on  crosses. 

Kolreuter  says,  "He  who  would  produce  new  varieties  should  cross 
varieties." 

Darwin  says :  "In  regard  to  the  beneficial  effect  of  crosses  between 
varieties  there  is  plenty  of  evidence."  "The  crossing  of  two  forms 
u'hich  have  long  been  cultivated  implies  that  new  characters  actually 
arise,  some  of  which  may  be  valuable  and  permanent."  "It  would  be 
superfluous  to  quote  more,  for  Gartner,  Herbert,  Sageret,  Lecoq,  IS'au- 
din,  and  many  other  eminent  experimenters  speak  of  the  wonderful 
vigor,  size,  tenacity  of  li'e,  precocity,  and  hardiness  of  hybiid  produc- 
tions." 

It  is  stated  in  the  Sugar  Beet*  that  "if  a  superior  variety  of  beets  be 
placed  near  another  variety,  the  result  will  be  most  advantageous,  and 
"  The  Siiffar  Beet,  by  Lewis  E.  Ware. 
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it  may  be  coucluded  from  these  experiments,  wbicU  we  can  iudorise, 
that  the  resulting  race  will,  for  the  time  being,  be  richer  in  seed,  and 
that  the  roots  grown  therefrom  will  contain  a  sugar  content,  more  regu- 
lar, etc.,  than  had  existed  in  either." 

In  regard  to  the  effect  of  crossing  varieties,  it  can  be  said  that  it 
seems  to  increase  the  vigor  of  the  plants  sometimes  in  a  wonderful 
degree.  The  crossed  canes  are  often  much  larger  and  taller  and  often 
have  much  heavier  seed-heads  than  either  parent  form.  A  crossed 
cane  is  sometimes  earlier,  often  later,  in  matnring  than  either  parent. 
Some  crosses  breed  true  to  the  new  type  from  the  start,  and  show- 
no  tendency  to  reversion,  but  nsually  the  first  season  the  crossed 
seeds  are  planted  some  of  the  plants  revert,  some  to  one  parent 
form,  some  to  the  other;  some  are  intermediate  forms.  If,  now, 
seed  of  the  type  preferred  is  selected  and  planted  agaiu,  the  new  plants 
show  less  tendency  to  revert;  by  continuing  the  selection  and  throwing 
out  varying  forms  the  new  type  is  fixed  and  becomes  a  new  variety. 
There  is  greater  tendency  to  reversion  in  ^'violent"  crosses  between 
dissimilar  forms  than  in  crosses  of  allied  forms.  A  cross  may  be  slight 
or  complete;  in  fact  there  may  be  several  crosses  between  two  varieties. 
For  instance,  a  fixed  cross  between  the  Early  Amber  and  the  Orange 
may  resemble  the  Early  Amber  more.  Another  cross  between  the  same 
varieties  may  resemble  the  Orange  more.  Three  canes  taken  from  a 
plot  of  this  last  cross  showed  by  analysis  a  higher  percentage  of  sngar 
than  any  other  in  the  season's  work,  with  one  exception. 

ADVANTAGES   OF    SOEGHUM  OYER   SUGAR-CANE    ON  ACCOUA^T   OF   THE 
EASE  WITH  WHICH  VARIATIONS  ARE   PRODUCED  IN  THE   FORMER. 

Dr.  Morris,  formerly  director  of  the  Jamaica  Botanical  Gardens, 
where  an  experimental  plantation  of  sixty  to  seventj'  varieties  of  the 
sugar  cane  is  maintained,  in  an  address  before  the  London  Chamber  of 
Commerce  said : 

''It  is  well  kuown  that  the  sugar  cane  does  not  produce  seed,  and  lieuce  it  is  im- 
possible to  improve  it  by  any  processes  of  hybridiziug  and  crossing  found  so  beneti- 
cial  to  other  plants.  New  varieties  amongst  sugar  canes  arise  generally  in  tbe  forui 
of  bud  variation.  These  occur  very  seldom,  and  possibly  amongst  thousands  of  acres 
not  one  cane  will  be  detected  which  exhibits  any  well-marked  characteristics.  Plant- 
ers, however,  should  be  keen  to  notice  any  ca'.ies  tha^,  show  a  departure  from  the 
types,  and  should  cultivate  them  separately.  If  the  sugar  cane  were  capable  of  be- 
ing improved  purely  by  cultivation  and  experimental  processes  like  those  Avhich 
have  improved  the  beet,  this  would  be  one  of  the  most  elfectivo  means  of  benefiting 
the  industry." 

GENERAL   OBSERVATIONS   ON  SPORTS   OR   SPONTANEOUS   VARIATIONS. 

It  is  well  known  that  new  varieties  sometimes  suddenly  and  spon- 
taneously appear  in  i)lants.  They  are  created  by  bud  variation.  A 
l^each  tree  suddenly  produces  a  branch  which  yields  nectarines ;  a 
l)lam  tree  which  had  yielded  yellow  plums  (or  forty  years  ])rodiiced  a 
single  bud  which  pi'oduced  a  new  and  valuable  permanent  variety,  the 
Red  Magnum  Bonum  plum. 
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The  variations  in  the  tropical  sugar  cane  are  entirely  produced  iu 
Jbat  way,  as  lias  already  been  shown  by  the  statements  of  Professor 
Morris  just  quoted. 

In  Mauritius  a  sugar  cane  of  tlie  ribbon  variety  produced  two  new 
canes,  a  green  cane  and  a  red  cane.  This  was  considered  an  astonish- 
ing variation  there.  The  causes  of  such  variations  are  unknown.  It  is 
only  known  that  they  do  occur,  and  that  valuable  new  varieties  some- 
times suddenly  appear  in  that  way. 

The  history  of  some  of  the  varieties  of  sorghuin  would  seem  to  indi- 
cate, so  far  as  it  is  possible  to  obtain  accurate  information  of  such  mat- 
ters, that  they  originated  in  this  way. 

In  Indiana,  in  a  field  of  Chinese  cane,  a  single  cane  ripened  two  weeks 
earlier  than  the  other  canes.  This  variation  was  preserved  and  named 
the  Early  Amber.  It  is  the  most  widely  known  of  all  the  varieties  of 
sorghum.  In  the  experimental  field  of  this  station  there  were  growing 
Early  Amber  canes  received  from  New  South  Wales,  from  Cape  Town, 
and  from  many  places,  showing  its  wide  distribution. 

In  New  York,  in  a  field  of  Early  Amber,  only  one  cane  ripened  before 
frost.  This  variation  was  preserved  and  named  by  us  Whiting's  Early 
Variety.  It  matures  ten  days  earlier  than  the  Early  Amber.  It  seems 
to  be  a  sport  from  a  sport. 

In  Tennessee,  in  a  field  of  Honduras,  a  single  cane  ripened  two  weeks 
earlier  than  the  other  canes.  This  variation  was  preserved  and  was 
named  Link's  Hybrid.  It  is  one  of  the  best  varieties  of  sorghum  for 
sugar  manufacture. 

It  is  probable  that  other  cane-growers  have  seen  as  valuable  vari- 
ations in  their  cane  fields,  and  have  not  recognized  their  importance. 
It  is  worthy  of  remark  that  each  of  these  variations  was  noticed  and 
was  preserved  merely  because  it  chanced  to  ripen  earlier  than  the  other 
canes  in  the  same  field,  and  not  because  its  other  qualities  were  recog- 
nized at  the  time. 

In  the  efibrt  to  improve  the  sorghum  plant  all  such  variations  from 
type  should  be  analyzed  to  determine  their  value  in  sugar  manufacture. 

WORK  AT  THE   STERLING   STATION  ON   CROSSES   OR  VARIATIONS. 

It  may  be  said  of  the  work  done  here  in  this  direction  that  in  the 
first  place  it  established  positively,  in  the  judgment  of  those  in  charge, 
the  fact  of  the  very  strong  tendency  of  this  plant  toicard  variahillty.  This 
fact  has,  of  course,  been  frequently  noticed  and  commented  upon  here- 
tofore, .but  as  it  seems  essential  that  it  should  be  thoroughly  and  gen- 
erally understood,  we  think  it  advisable  to  enter  into  an  exposition  of 
the  evidence  that  was  obtained  to  justify  us  in  coming  to  the  very  de- 
cided conclusion  we  adopted  upon  this  point.  The  plots  which  were 
l>lanted  as  "  crosses  "  at  this  station  were  in  every  case  from  single  seed- 
heads,  selected  by  Mr.  Denton,  which  were  very  carefully  thrashed  and 
cleaned,  special  precautions  being  taken  to  prevent  any  accidental  ad.^ 

140o6-Bull,  20—9 


130 


mixture  of  seed  from  other  sources.  These  plots  were  then  in  every 
case  the  product  of  a  single  head ;  they  showed,  in  the  majority  of 
cases,  the  greatest  variation  among  the  individual  canes. 

This  variability  is  well  shown  by  a  series  of  photographs  taken  by 
us,  which  were  intended  to  be  reproduced  as  illustrations  of  this  re- 
port. Unfortunately  the  fund  provided  for  such  illustrations  was  ex- 
hausted at  the  time  this  bulletin  was  sent  to  the  press,  so  that  they  had 
to  be  omitted.  They  represent  a  number  of  seed-heads,  all  taken  from 
the  same  plot,  which  showed  striking  variations  from  either  parent 
type,  as  well  as  gradations  running  back  to  each.  In  a  plot  planted 
from  a  single  seed-head  which  was  evidently  a  cross  between  the  Orange 
and  India,  for  instance,  heads  were  selected  which  gave  the  greatest 
variations  and  gradations  between  the  India  type,  with  its  white  seeds 
and  rather  loose  head,  to  the  Orange,  with  its  reddish-colored  seeds  and 
compact  head.  Another  represents  the  range  of  variations  between  the 
Honduras  and  Eed  Liberian,  two  widely  different  varieties,  with  the 
small  round  seed  of  the  Liberian  type  set  closely  on  the  sprangle  top 
head  of  the  Honduras.  These  photographs  of  the  widely  different  types 
produced  from  a  single  seed-head  would  convince  any  one,  we  think, 
of  the  great  ease  with  which  variations  can  be  produced  in  sorghum, 

LIST  OF  CROSSES. 

The  following  list  gives  the  number  of  the  experimental  plot  with  the 
probable  parents  of  some  of  the  crosses  grown  this  season.  Many  plots 
are  not  included,  as  the  characters  shown  by  the  canes  did  not  distinctly 
indicate  the  origin  of  the  variation. 


No.  of 
Plot. 

Probable  cross. 

No.  of 
Plot. 

Probable  cross. 

110 

New  Orange  and  Early  Orange. 

163 

India  and  Orange. 

111 

Chinese  and  Liberian. 

165 

India  and  Amber. 

112 

Kansas  Orange  and  Amber. 

166 

Do. 

114 

Golden  Rod— cross. 

167 

India— cross. 

115 

Orange  and  Amber. 

168 

Do. 

117 

Kansas  Orange  and  Amber. 

171 

Kansas  Orange  and  India. 

118 

Liberian  and  Golden  Rod. 

172 

'New  Oiange  — cross. 

120 

Amber  and  Kansas  Orange, 

173 

India— cross. 

121 

Orange  and  White  India. 

174 

India  and  Amber. 

122 

Orange  and  Cliinese. 

175 

New  Oiange  and  Early  Orange. 

124 

India— cross. 

176 

Orange— cross. 

127 

India  and  Golden  Rod. 

178 

India  and  Orange. 

128 

Do. 

179 

India— cross. 

129 

Do. 

180 

Orange  and  India. 

131 

Orange  and  India. 

181 

Do. 

132 

India  and  Golden  Rod. 

182 

India  and  Amber. 

133 

Kansas  Orange  and  India. 

183 

India— cross. 

134 

Orange  and  (iolden  Itod. 

184 

Orange  and  India. 

135 

Early  Orange  and  Amber. 

185 

Orange— c;ross. 

136 

Oiango  and  India. 

186 

Orange  and  India. 

137 

India  and  Ambur. 

167 

Ibo. 

138 

Do. 

188 

Do. 

139 

Orange  and  India. 

193 

Orange— cross. 

140 

Do. 

194 

Do. 

142 

India— cross. 

195 

Orange  and  India. 

144 

Orange  and  Amber. 

!        196 

Knnsas  Orange  and  India. 

140 

Kansas  Oiange  and  Golden  Rod. 

197 

India- cross. 

147 

Kansas  Orange  and  Now  Orange. 

200 

New  Orange— cross. 

151 

Orange  and  India. 

201 

Do. 

153 

Kansas  Orange  and  Early  Amber. 

202 

India— cross. 

154 

Amber  and  New  Orange. 

204 

India  and  Orange. 

155 

Orange— cross. 

205 

Oriinge— cross. 

157 

Amber— cross. 

208 

India— cross 

158 

India  and  Orange. 

211 

Orange  and  India. 

161 

Kansas  Orange  and  India. 

212 

Do. 

162 

India  and  Orange. 
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ANALYSES  OF  THE   CROSSES. 

The  following  table  gives  tbe  analyses  made  of  average  samples 
taken  from  the  different  plots: 

Analyses  of  Eyhrids  and  Crosses. 


No  of 
plot. 

Date. 

No  of 
analysis. 

Degree 
Biix. 

Sucrose. 

Glucose. 

Co-eflS- 
cicnt  of 
parity. 

Percent. 

Per  cent. 

r 

Ang.  29 

31 

14. 65 

9.45 

2.19 

64.50 

1 

Aug.  31 

55 

15.  16 

9.24 

2.69 

60.95 

iio<; 

Sept.   6 

110 

16.  42 

10.  65 

2.46 

64.86 

Sept.  20 

280 

18.  32 

13.  08 

1.28 

71.  .SO 

i 

Sept.  27 

374 

17.56 

12.39 

1.48 

70.41 

Oct.     9 

541 

18.04 

12.  54 

1.96 

69.  51 

112 

Aug.  29 

32 

13.82 

9.04 

1.36 

65.  41 

"H 

Sept.  12 

1G2 

17.42 

11.40 

2.36 

65. 44 

Se  pt.  27 

376 

18.78 

13.49 

1.77 

71.83 

H 

Sept.  12 

163 

13.70 

6.08 

3.76 

44.  37 

Sept.  12 

164 

16.36 

10.08 

2.  .57 

61.61 

Sept.  24 

324 

14.22 

7.25 

3.57 

50.98 

117 

Sept.  27 

377 

14.20 

7.78 

3.00 

54.56 

120  j 

Aug.  31 

57 

11.50 

4.44 

3.40 

38.00 

Sept.  12 

166 

13.  51 

7.63 

3.08 

56.47 

122 

Aug.  30 

35 

8.14 

2.42 

2.53 

29.73 

i;52 

Oct.   11 

562 

15.67 

10.90 

1.47 

69.56 

133 

Oct.   11 

561 

16.15 

10.  39 

2.83 

64.33 

134  j 

Sept.  13 

169 

13.90 

6.96 

3.47 

63.03 

Oct.   11 

560 

15.67 

9.82 

2.18 

62.66 

135 

Oct.   11 

559 

16.  C5 

11.05 

1.96 

66.36 

136 

Oct.   11 

558 

18.15 

12.24 

1.82 

67.43 

137 

Oct.   11 

557 

19.35 

14.49 

.90 

74.88 

144 

Sept.  27 

379 

16.  Oft 

10.02 

2.29 

62.  39 

14G 

Aug.  30 

34 

10.  72 

3.89 

3.  05 

36.29 

147^ 

Sept.  12 

165 

14.70 

7.85 

3.15 

53.  40 

Sept.  27 

378 

16.82 

10.97 

2.48 

65.22 

148 

Sept.   6 

112 

13.09 

6.34 

2.30 

48.43 

( 

Aug.  31 

52 

12,62 

6.30 

2.38 

49.92 

152  < 

Sept.   6 

109 

13.34 

0.93 

1.96 

51.95 

1 

Sept.  13 

172 

15.97 

10.38 

1.35 

64.99 

153 

Sept.  13 

179 

15.63 

9.58 

2.12 

61.29 

C 

Aug.  30 

3G 

14.25 

7.49 

3.35 

52.56 

154  < 

Sept.   6 

108 

14.63 

8.65 

2.95 

59. 12 

( 

Sept.  13 

171 

15.80 

9.65 

•2.23 

61.07 

205  j 

Sept.  15 

201 

16.33 

9.77 

3.41 

59.83 

Sept.  29 

407 

16.94 

10.77 

2.34 

63.58 

20G 

Sept.  15 

200 

12.73 

6.20 

3.12 

48.70 

207 

Sept.  15 

203 

11.52 

4.84 

3.01 

42.01 

208  { 

Sept.  28 

18 

12.60 

6.06 

2.59 

48.10 

Sept.  15 

205 

17.23 

11.35 

1.53 

65.  87 

209 

Sept.  15 

206 

13.92 

8.24 

2.37 

59.20 

210 

Sept.  15 

210 

15.30 

8.35 

1.90 

54.57 

211 1 

Sept.  15 

209 

14.40 

7.74 

2.80 

53.75 

Sept.  20 

281 

14.82 

8.75 

2.39 

59.04 

212 

Sept.  15 

211 

14.53 

8.67 

1.99 

59.07 

158 

Sept.  14 

180 

15.62 

9.85 

2.69 

63.  06 

161  J 

Sept.  13 

173 

13.00 

6.74 

1.83 

51.  61 

Sept.  14 

183 

15.72 

9.80 

1.68 

62.34 

162 

Sept.  14 

186 

15.  90 

9.94 

1.84 

62.  51 

163 

Sept.  14 

185 

15  90 

10.18 

2.16 

64.  02 

( 

Aug.  30 

38 

10.75 

5.09 

1.53 

47.35 

1G5^ 

Sept.  13 

170 

15  60 

9.95 

.88 

6.1  78 

( 

Sept.  29 

404 

16.70 

10.92 

.99 

65.39 

166  1 

Aug.  30 

39 

10.  32 

3.90 

2.65 

37.  79 

Sept.  13 

174 

12.04 

6.27 

1.98 

52.08 

]C8| 

Aug.  28 

22 

12.67 

5.91 

3.00 

46.64 

Sept.  13 

175 

14.  92 

9.94 

1.04 

66.  C2 

f 

Aug.  30 

37 

11.38 

5.18 

3.39 

45.52 

170^ 

Sept.  13 

176 

13.47 

8.37 

1.68 

62. 14 

( 

Sept.  15 

204 

13.  82 

8.30 

1.74 

60.  05 

171 

Sept.  13 

177 

15.  07 

7.92 

3.20 

52.55 

Sept.  14 

188 

14.  20 

7.29 

3.13 

51.  .34 

172 

Sept.  13 

178 

14.04 

7.46 

3.61 

53. 13 

Sept.  14 

182 

14.82 

8.31 

3.08 

50.  07 

173 

Aug.  31 

53 

11.  32 

4.24 

3.64 

37.  45 

C 

Aug.  31 

51 

12.70 

5.80 

4.42 

45.  45 

185  < 

Sept.  14 

187 

14.40 

-      7.63 

2.  96 

52.  98 

I 

Sept.  20 

279 

15.70 

9.06 

2.21 

57.70 

191 

Sept.  14 

189 

14.40 

7.49 

3.02 

52.01 

193 

Sept.  14 

190 

12.73 

5.90 

2.95 

40.34 
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Analyses  of  Hybrids  and  Crosses— Continued. 


No.  of 
■plot. 

Date. 

Xo.  of 
analysis. 

Degree 
Brix. 

Sucrose. 

Glucose. 

Co-effi- 
cient of 
purity. 

Per  cent. 

Per  cent. 

194 

Sept.  14 

191 

12.93 

6.54 

1.33 

50.58 

lf.6 

Sept.  15 

198 

H5.  82 

11.12 

2  34 

66.11 

197 

Sept.  15 

197 

14.  62 

7.53 

3.64 

51.50 

199 

Sept.  15 

199 

16.  12 

9.83 

2.72 

60. 98 

200 

Sept.  15 

202 

13.  00 

6.05 

3.15 

46.54 

202 1 

Aug.  28 

21 

13.04 

6.82 

3.55 

52.30 

Sept.  15 

207 

15.54 

9.42 

2.65 

60.61 

203^ 

Aug.  30 

40 

12.64 

6.35 

2.63 

50.23 

Sept.  15 

208 

13.  42 

7.57 

1.71 

56.41 

After  a  number  of  these  analyses  of  large  samples  bad  been  made, 
it  was  concluded  to  discontinue  them,  for  the  individual  canes  varied  so 
much  that  it  was  impossible  to  obtain  samples  which  would  represent 
the  plot,  except  in  the  few  cases  where  the  character  of  the  plot  was 
uniform.  In  some  cases  the  plot  could  be  thrown  out,  where  the  aver- 
age samples  showed  a  very  poor  analysis.  The  work  was  thenceforth 
confined  to  analyses  of  individual  canes,  selected  with  a  view  to  per- 
manence of  type.  A  very  large  number  of  samples  were  taken  in  tbis 
way,  the  seed  heads  removed,  marked  with  a  number  corresponding  to 
the  analysis  and  preserved.  The  juice  was  polarized,  and  from  each  plot 
one  or  more  samples  which  gave  the  best  results,  and  which  were  to  be 
reserved  for  future  planting,  were  subjected  to  complete  analysis,  so  as 
to  have  a  complete  pedigf^ee  of  the  cane.  The  following  table  gives 
the  results  of  some  of  the  individual  canes  from  the  crosses ;  only  the 
best  sami)les  in  each  plot  are  given,  and  these  analyses  are  only  a  frac- 
tion of  the  whole  number  made  and  recorded  at  the  station : 

Analyses  of  Crosses. 


No.  of 
plot. 


109 
113  < 

120  < 

123 
124 
128  < 

129- 

130  <( 
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Date. 


Sept.  24 
Oct.  10 
Oct.  10 
Oct.  10 
Sept.  28 
Sept.  28 
Sept.  24 
Sept.  28 
Sept.  28 
Sept.  28 
Sept.  28 
Sept.  28 
Oct.  10 
Oct.  10 
Oct.  10 
Sept.  28 
Sept.  28 
Oct.  10 
Sept.  28 
Oct.  10 
Oct.  10 
Oct.  10 
Sept.  28 
Sept.  28 
Oct.  10 
Oct.  10 
Oct.  IQ 
Oct.    10 


No.  of       Degree 
analysis.       Biix. 


Sucrose. 


463 

1069 

1070 

1073 

535 

537 

4  69 

539 

531 

542 

546 

549 

1049 

]0,-)0 

10.52 

550 

552 

1040 

.558 

1040 

lOU 

1042 


561 
1054 
1055 
1058 
1059 


16.54 
18.50 
18.00 
18.50 
17.12 
15. 12 
17.  00 
18.12 
17.20 
18.78 
18.28 
16.41 
17.30 
18.50 
17.35 
13.81 
15.06 
17.00 
18.37 
18.88 
18.78 
20.48 
19.37 
19.37 
19.00 
19.60 
19.20 
20,00 


Per  cent. 
10.31 
13.11 
13. 24 
13.10 
11.30 
9.43 
11.37 
12.61 
11.33 
13.63 
13.43 
11.33 
12.95 
13.81 
12.63 
6.87 
9.45 
12.65 
13.37 
14.11 
13.96 
15.20 
14.29 
14.39 
13.66 
14.39 
13.65 
14.48 


!    Coeffi- 
Gliicose.     cient  of 
purity. 


Per  cent. 
2.31 


1.16 


1.12 
'i.'73' 


1.20 


1.09 

'i.'is' 


62.  33 
70.80 
73.56 
71.14 
66.00 
62.37 
66.88 
C9.  59 
65.87 
72.  58 
73.47 
69.04 
74.86 
74.65 


60.34 
74.41 
72.78 
74.74 
74.33 
74.21 
73.  77 
74.29 
71.89 
73.42 
71.09 
72.40 
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Anahjses  of  Crosses— Continued. 


Date. 


135  <; 


146. 


155  < 


165  <! 


1G6~ 


No.  of 

iiualysis 


5G2 

122!) 

r>71 

572 

57:5 

574 

577 

1218 

578 

582 

583 

1200 

584 

585 

58R 

587 

588 

5S9 

590 

593 

1G43 

C12 

613 

614 

616 

1104 

1105 

1092 

621 

623 

624 

1095 

1099 

625 

628 

1087 

602 

603 

606 

607 

611 

640 

1233 

1237 

1242 

647 

651 

652 

1134 

6G0 

661 

663 

664 

666 

673 

674 

1277 

1287 

691 

695 

705 

706 

707 

710 

711 

714 

1332 

719 

722 

724 

725 

726 

1480 

1483 

1491 


Degre 
Bvix. 


19.  42 

18.  37 

15.  55 

20.  65 

16.  07 

19.  57 

19.  87 

20.  37 
18.40 
21.13 
17.90 
16.00 
17.00 
19.03 

18.  70 
20.20 
21.50 
18.70 
18.00 
18.68 

17.  78 
17.18 
21.21 
19.88 
20.  78 
19.14 
19.81 
20.  07 
18.07 
19.00 
19.28 
17.38 
16.98 
18.20 
18.^7 
19.28 
18.70 
17.60 
16.58 
15.87 
18.28 
17.68 
20.88 
18.20 
20.  30 
19.20 
21.33 
18.00 
18.00 
22.50 
22.  50 
20.09 
16.82 
16.63 
18.62 
18.2') 
17.65 
18.17 
20.70 
19.70 
18.85 
16.90 
17.97 
20.47 
18.40 
19.37 
19.47 
18.50 

19.  42 

18.  .^)0 
16.  50 
18.00 
18.03 
16.  .52 

20.  00 
20.50 
19.78 


Sucrose. 


Per  cent. 
13.  52 
12.  90 
8.87 
15.  03 
10.94 
13.39 
14.34 
14.01 
12.58 
16.33 

12.  51 
10.80 
12.36 
13.09 
13.68 

15.  32 
16.26 
13.59 
13.24 
13.54 
13.45 
11.44 
13.75 
14.44 
15.54 
13.62 
14.31 
14.95 

13.  14 
13.86 
14.68 
11.92 
11.54 
12.74 
13.71 
13.91 
13.07 
12.39 
11.47 
11.61 
12.41 
12.58 
15.78 
11.29 
14.75 
13.60 
14.75 
12.36 
13.33 
17.18 

16.  85 
14.27 
11.90 
10.00 
12.15 
10.90 
12.49 
12.41 
15.40 
14.89 
13.84 
12.00 
12.97 
15.  53 
13.09 
14.29 
14.52 

14.  C6 
14.35 
12.95 
1).59 
12.78 
12.83 
13.40 
14.15 
14.80 

'15.04 


Glucose 


Per  cent. 
1.65 


1.93 


1.29 


1.21 

.81 
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2.33 
'i.98 

'i."io 


1.82 


1.09 

"i.'m 


1.57 


.58 

.91 

1.06 


4.56 
"i.'45 


.80 

.81 

1.24 


.53 
'.69 


Co-efli- 
cient  of 
purity. 


69.  02 

70.  22 
57.01 

72.  78 
68.  08 
68.  42 
72. 17 
69.21 
68.  37 
77.  28 
69.89 
67.50 
72.71 
68.  79 
73.16 
75.81 
75.  63 
72.67 

73.  56 
72.  48 
75.  65 
66.  59 

64.  83 
72.  64 
74.78 

71.  16 
72.24 
74.49 
72.71 

72.  95 
76.14 
68.58 
67.96 
70.00 
75.01 
72.15 
69.89 
70.40 
69.18 
73.16 
67.89 
71.15 
75.57 
62.  03 

72.  G6 
70.83 
G9.  15 
68.  67 

74.  OG 
7G.  36 
74.89 
71.03 
70.  75 
60.13 

65.  25 
59.  GO 
70.  76 
C8.  30 
74.40 

75.  58 

73.  42 
71.01 
72.18 

75.  87 
71.14 

73.  77 

74.  58 

76.  00 
73.  89 
70.00 
70.  24 
71.00 
71.16 
81.11 
70.  75 
72.20 
76.04 
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Analyses  of  Cro.s-.srs— Coutinued. 


No.  of 
plot. 


167 

168' 

171< 
I 

r 

I 

173  < 


174^ 


175 
176 

178<; 

i 

179 1 

180  5 

181  ^ 
182 

r 

j 
184^ 

I 

I 
187 

208^ 
209^ 

212< 

238  < 


Date. 


239  ^; 


Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct, 

10 

Oct. 

12 

Oct. 

12 

Oct. 

12 

Oct. 

12 

Oct. 

2 

Oct. 

2 

Oct. 

12 

Oct. 

12 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

') 

Oct. 

2 

Oct, 

2 

Oct. 

2 

Oct. 

2 

Oct. 

13 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

12 

Oct. 

12 

Oct. 

12 

Oct. 

12 

Oct. 

12 

Oct. 

12 

Oct. 

12 

O-.t. 

13 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct. 

2 

Oct.    13 


Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct.    16 


Is^o.  of 
analysis. 


730 

731 

735 

737 

738 

748 

749 

750 

751 

753 

754 

758 

10(57 

1429 

1430 

1431 

1433 

762 

763 

1412 

1417 

709 

771 

776 

777 

778 

784 

788 

789 

793 

795 

1580 

802 

804 

811 

812 

818 

820 

1357 

1339 

1340 

1342 

1344 

1315 

1346 

1578 

839 

840 

832 

8.33 

821 

823 

827 

828 

829 

830 

831 

1516 

1028 

1030 

981 

982 

983 

984 

985 

994 

995 

1002 

1005 

1008 

1010 

1011 

1012 

1014 

1015 

1020 

1021 

1023 

1815 


Degree 
Brix. 


Sucrose. 


17.98 
17.96 
16.68 
18.20 
18.60 
18.00 
18.82 

16.  93 
17.33 
20.30 
19.00 
19.83 
21.20 
23.  00 
22.00 
22.  50 
21.70 
18.43 
18.  03 
21.60 
20.78 
18.20 
17.50 
19.93 
18.35 
18.95 
19.00 
19.00 
19.50 
18.70 
17.20 
21.00 
17.20 
17.20 
20.00 
18.50 
17.00 
17.00 
20.  28 
20.45 
22.  26 
20.96 
21.78 
21.48 
21.00 
20.00 
19.00 
19.00 
18.20 
20.03 
18.  27 
18.00 
17.43 
18.23 
19.09 
19.63 
18.  CO 
20.  82 
17.48 
18.88 

17.  82 
19.05 
18.20 
19.50 
18.70 
18.70 
18.20 
19.00 
19.10 
18.30 
20.14 
19.17 
19.84 
18.64 
18.70 
18.77 
19.17 
19.20 
20.00 


I'er  cent. 
12.55 
11.77 
12.08 
13.51 
14.98 
12.  57 
13.96 
12. 13 

12.  00 
14.44 

13.  51 
13.89 
14.28 
14.77 
15.73 
16.28 
16.29 
13.25 
12.  35 
14.86 

14.  32 
12.  11 
11.61 
14.  «1 
12.97 
14.14 
13.91 
13.33 
14.32 
13.54 
12.41 
15.81 
11.97 
12.31 
14.14 
13.26 
11.78 
10.47 
13.96 
14.97 
15.70 
14.90 
16.40 
15.38 
15.27 
13.56 
12.46 
12.99 
13.08 
14.43 
13.45 
13.38 
12.40 
13.08 
14.19 
14.84 
13.14 
1.5.  71 
13.14 

12.  63 

13.  28 
13.84 
12.94 
14.65 
13.44 
13.25 
12.  88 
13.47 

14.  00 
12.98 
J  5.  24 
13.42 
15.17 
13.55 
14.13 
13.25 
13.28 
13.59 
13.71 


G^lucose. 


Per  cent. 


Co-offi- 
cient  of 
purity. 


1.53 

'i.'oo' 


1.19 
2.02 


2.65 

2.82 

"I'.ib 


1.29 


1.05 


1.53 


1.01 


1.28 

"i.'i7 


1.38 
'2.' 67" 


1.04 


1.55 
"2."  23" 


69.80 
65.53 
72.  42 
74.  23 
80.  54 
69.83 
74.18 
71.65 
69.  24 
71.13 
71.11 
70.05 
67.36 
64.22 
71.50 
72.36 
75.07 
71.89 
68,50 
68.80 
68.91 
66.54 
66.34 
74.31 
70.68 
74.62 
73.21 
70. 16 
73. 44 
72.41 
72.15 
75,29 
69.59 
71.57 
70.70 
71.68 

69.  29 
61.59 
68.84 
73.20 
70.53 
71.09 
75.30 

71.  60 

72.  71 
67.80 
65.58 
68.37 
71.87 
71.99 

73.  62 
74.33 
71.14 

71.  75 

74.  33 

75.  60 
73.00 
75.46 
75.17 
66.  90 

74.  52 
72,05 
71,10 
7-5.  13 
71.87 
70.86 
70.77 
70.89 
73.30 
70.93 

75.  67 
70.01 
76.40 

72.  09 
75.  56 

70.  59 
69.  27 
70.78 
68.55 
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Plots  ^0.  153  and  184  gave  souie  of  the  best  results,  the  latter  espe- 
cially giving  a  great  many  individuals  with  aliigU  sugar  content;  there 
was  a  great  deal  of  variation  in  type,  however. 

ANALYSES  OF  VARIATIONS  IN   STANDARD  VARIETIES. 

The  following  table  gives  the  results  of  analyses  of  individuals  canes 
which  were  taken  from  the  plots  of  some  standard  varities,  and  which 
showed  some  desirable  variation  from  the  type  of  the  variety.  The  va- 
riations chosen  were  in  the  line  of  the  improvement  of  the  variety.  For 
example,  the  variations  of  Honduras  were  individuals  which  ripened 
earlier  than  the  rest  of  the  plot;  those  of  the  Link's  Hybrid  were  canes 
that  showed  more  or  less  freedom  from  the  faults  of  the  variety,  etc.  As 
with  the  crosses,  the  analyses  given  are  the  chosen  ones  of  a  large  number 
of  analyses,  for  none  of  the  canes  which  showed  simply  an  improvement 
in  external  characters  were  saved  unless  they  showed  at  the  same  time 
a  good  content  of  sugar  and  a  high  coefficient  of  purity.  The  samples 
in  which  glucose  was  determined  are  the  individuals  chosen  for  future 
planting. 

Analyses  of  varialions  in  standard  varieties. 

HONDURAS. 


Xo.  of 
plot. 

Date. 

No.  of 
analysis. 

Degree 
Brix. 

Sucrose. 

Glucose. 

Coeffi- 
cient of 
purity. 

62.38 
62.  53 
60.58 
68.05 
67.  25 
66.99 
72.90 
69.47 
67.25 
70.00 
70.25 
74  50 

225-6 

Sept.     3 
Sept.     3 
Sept.     3 
Sept.    17 
Sept.    17 
Sept.   17 
Sept.    20 
Sept.    20 
Sept.    20 
Oct.     20 
Oct.     20 
Oct.     20 

263 
266 
267 
306 
313 
316 
330 
338 
339 
2110 
2117 
2118 

14.43 
13.53 
13.  47 
17.  84 
18.72 
18.33 
15.  35 
18.28 
14.78 
19.10 
20.00 
20.00 

Fer  cent. 
9.07 
8.46 
8.  16 
12. 14 
12.  59 
12.  28 
11.19 
12.  70 
9.94 
13.37 
14.05 
14.90 

Per  cent. 
1.83 
2.37 

.79 
1.18 
2.74 

2.65 

1.02 

WAUBANSEE. 


230 


Sept.  21 

Sept.  21 

Sept.  21 

Sept.  21 

Sept.  21 

Sept.  21 


340 
341 
342 
344 
347 
393 


18.32 
17.52 
15.31 
14.85 
15.85 
15.35 


13.04 
12.  07 
9.57 
9.74 
10.19 
9.58 


.99 

.81 


1.13 


71.18 
68.89 
62.  47 
65.59 
64.  29 
62.41 


WHITINGS  EARLY. 


234 

Sept.    25 
Sept.    25 
Sept.    25 
Sept.    25 
Sept.    25 
Sept.    25 
Sept.    25 
Sept.    25 
Sept.    25 

471 
472 
474 
475 
476 
477 
478 
480 
481 

18.75 
16.18 
17.  30 
16.  62 
18.18 
18.58 
18. 13 
16.65 
16.65 

13.  25 
11.63 
11.72 
11.71 
12.21 
12.  63 
1.^.  96 
12.  05 
11.  71 

70.67 
71.88 
67.75 
70.46 
67.16 
67.98 
77.  00 
72,  37 
70.33 

:i)i 
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Analyses  of  variations  in  standard  varittics — Continued. 
LATE  ORAXGE. 


plot 


Coeffi- 


^:t?*"  ,     Date.     I  J:,-±      "^ri^^      Sucrose.    Glucose.      cieut  of 


analysis. 


Biix 


purity. 


Percent.  Percent. 

89  i  Sept.   25  I  492  I        16.68  10.73  , 64.33 

[Sept.    25  498  18.18  12.07  '  66.39 

;  Sept.    25  COO  18. 78  13. 64  2. 94  '  72. 63 


EARLY  ORAXGE. 


Sept. 

28 

Sept. 

28 

Sept. 

28 

Sept. 

28 

520 
521 
522 
529 


17.91 
17.21 
16.  :u 
15.83 


I 
12.89  

14.42  .76 

14.43  

10.21  


71.97 
83.79 
88.47 
64.50 


WHITE  MAMMOTir. 


67 

Oct. 
Oct. 
Oct. 
Oct. 
Oct. 

3 
3 
3 
3 
3 

807 
868 
871 
893 
882 

19.45 
19.00 
18.62 
19.20 
19.00 

13.29  

13.81  

68.33 
72.68 
75.83 
73. 13 
72.95 

14. 12  

14.04  ':          1.37 
13  86  1  ..  . 

CHIXESE. 


232  Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
,  Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


901 
907 
9o9 
910 
911 
912 
954 
955 
962 
973 


18.  .58 
18.70 
18.70 
19.85 
19.08 
17.35 
18.24 
19.84 
19.19 
19.17 


71.91 
77.22 
7L60 
72.29 
77.  52 
72.33 
71.00 
73.08 
71.70 
73.55 


LIXKS  HYBRID. 


Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


924 
932 
937 
938 
941 
942 
944 
949 


20.70 
19.20 
21.38 
20.18 
18.51 
20.  20 
21.20 
22.31 


15.50 

14.15 

15.60  1 

15.24 

13.57 

14.43 

15.81 

16.93 

55 


74.88 
73.70 
72.97 
75.52 
73.31 
71.44 
74.58 
75.89 
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The  niiBamed  plots  also  contained  a  groat  many  interesting  varia- 
tions, selections  from  \\Licb  are  given  in  tbe  iolloAving  table: 

inalyscs  of  varUiiioiis  in  (he  unnamed  plots. 


No  of 
plot. 

Date. 

No  of 

analysis. 

-■\ 

Sept.  24 

421 

Sept.  24 

428 

( 

Sept.  22 

41G  1 

12....^ 

St-pt.  22 

417  1 

^ 

Sept.  22 

418 

f 

Sept.  25 

505 

1 

Sept.  25 

506 

33...  <: 

Sept.  25 

508 

Seit.  25 

509 

Sept.  25 

511 

( 

Sf])t.  22 

396 

37.... < 

Sept.  22 

398 

( 

Sept.  22 

401 

f 

Sept.  21 

380 

1 

Sept.  2  L 

88-J 

44.... <^ 

Sept.  21 

385 

Sept.  21 

387 

Sept.  21 

389 

r 

Sept.  22 

iQ2 

Sept.  22 

40f5 

Sept.  22 

41)7 

45... < 

Sept.  22 
Sept.  22 

408 
409 

Sept.  22 

410 

Sept.  22 

411 

Sept.  22 

413 

r 

Sept.  21 

357 

Sept.  21 

361 

Sept.  21 

364 

Sept.  21 

365 

46  ...<; 

Sept.  21 

360 

Sept.  21 

371 

Sept.  21 

372 

Sept.  21 

373 

I 

Sept.  21 

374 

48...5 

Sept.  21 

377 

Sept.  25 

514  1 

Sept.    4 

290 

Sept.    4 

292 

Sept.    4 

291 

Sept.    4 

295  \ 

Sept.  21 

351 

Sept.  21 

356 

Sept.  24 

430 

50 s 

Sept.  24 

432 

Sept.  24 

4b8 

Sept.  24 

439 

Sept.  24 

440 

Sept.  24 

444 

Sept.  24 

446 

Sept.  24 

447 

I 

Sept.  24 

449 

Deofree 
Brix. 


15.  12 
18.  67 

16.  :-8 

15.  2S 

16.  08 

18.  70 
18.48 
16.28 
19.48 

19.  22 
19.60 
18.20 
18.10 
17.75 
18.42 
17.15 
18.39 
16.22 
17.70 
19.60 

17.  24 
17.64 
17.74 
20.74 
16.74 
16.28 
16.90 

20.  60  . 
19.62 
20.19 
20.75 
18.28 
19.15 
19.92 

■19.35 
20.78 
18.31 
18.44 
17.44 
17.74 
17.52 
17.60 
16.40 
17.  72 
16.68 
17.  6-i 
16.  48 
18.28 
18.48 
17.48 
17.01 
18.81 


Sucrose. 


Per  cent. 

9.18 
13.84 
10.  59 
10.00 
11.00 
12.48 
12.02 

9.48 
13.17 
12.  .56 
14.  26 
12.94 
12.  69 
11.09 

12.  52 

10.  00 
13.01 

13.  13 
12.38 
13.02 
12.  07 
12.29 
12.  14 

14.  86 

11.  85 
11.48 
13.00 
14.  83 
13.47 
14.79 
1.5.  14 
12.63 
13.74 
14.67 
13.68 
14.27 
12.36 
13.25 
11.99 

12.  71 
12.04 
11.53 
12. 22 
12.20 
11.71 
12.78 
11.77 
13.24 
13.57 
11.86 
12.04 
13.50 


Glucose. 


Per  cent 


.44 


.70 

1.54 

.76 


.59 

.64 
1.07 
2.09  , 
2.  30  I 
1.01 


Coefficient 
of  purity. 


60.  71 
74. 13 
63. 87 
6.5.  45 
68.41 
66.74 
65.  04 
58.  23 
67.  61 
65.  35 
72.76 
71.10 
70.11 
62.  48 

67.  97 
58.31 
70.74 
80.  95 
69.94 
71.02 
70.01 
69.67 
68.43 
71.65 
70.79 

70  52 
76.92 

71  99 
08.65 
73.  25 
72.  96 
69.  09 
71.75 
73.64 
70.70 
68.67 
67.50 
71.85 
68.75 
71.65 

68.  72 
65.  51 
74.51 
68.85 
70.20 
72.28 
71.42 

72.  43 

73.  43 
67.85 
70.78 
71.77 


IV.  Experiments  in  the  Selection  of  Seed  from  Individual 
Canes  Showing  a  High  Content  of  Sugar. 


variability  of  sorghum  canes  in  their  content  of  sugar. 

As  migbt  be  expected  of  a  plant  wbicb  varies  so  inucb  in  tbe  out- 
ward cbaracter  of  its  individuals,  sorgbum  canes  vary  greatly  in  tbe 
cbemical  composition  of  tbeir  contained  juices.  Even  in  canes  of  tbe 
same  varieties,  sbowing  uniform  outward  cbaracters  and  of  uniform 
appearance  and  development,  great  differences  will  be  found  in  tbe 
composition  of  tbe  juice  from  individual  canes.     In  fact  tbe  variation 
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in  tliis  respect  seems  mucli  greater  aiul  more  persistent  than  in  the  out- 
ward appearances  of  the  plant.  Wben  the  variety  itself  is  not  uniform, 
and  the  variations  due  to  mixed  races  are  added  to  the  variations  of 
individuals,  the  most  remarkable  extremes  are  produced.  This  can  be 
seen  by  examining  the  analyses  of  individual  canes  of  crosses  given  in 
the  section  on  experiments  with  crosses,  from  which  the  following  table 
is  selected,  to  illustrate  the  possible  differences  between  different  canes 
growing  in  the  same  plot.  The  canes  were  selected  from  a  plot  of 
Honduras,  which  showed  fairly  uniform  character,  in  the  endeavor  to 
obtain  early  ripened  seed  of  that  variety,  and  probably  some  were  not 
so  well  matured  as  others,  though  the  seed  from  all  was  perfectly  hard. 

Polarization  of  selected  canes  from  Honduras. 


No. 

Degree 
Brix. 

Sucrose. 

No. 

Degree 
Brix. 

Sncrosr. 

1 

6.93 
14.43 
13.53 

13.47 
10.47 
14. 40 
11.85 
10.04 
11.65 

Per  cent. 

.20 
9.07 
8.46 
8.16 
4.31 
7.40 
5.78 
1.51 
5.24 

.10 

11  ..     .. 

14.15 
17.05 
15.88 
15.34 
1.5.  34 
15.54 
IG  67 

Percent. 

8.25 

11.41 

10.92 

9.33 

7.51 

6.50 

11.53 

2 

12 

3 

13....:::.. 

4       .   . 

14 

5. . 

15 

16 

6 

7 

17 

8 

Higliest 
Lowest 

9 

11.53 
.10 

10   



The  following  table  shows  the  variation  of  individuals  in  a  well- 
established  and  uniform  variety.  They  were  selected  with  this  end  in 
view  from  a  remarkably  uniform  plot  of  Early  Amber,  and  a  particular 
effort  was  made  to  have  the  canes  as  nearly  of  the  same  size  and  gen- 
eral appearance,  the  same  maturity,  and  the  same  conditions  of  growth — 
all  taken  from  the  same  row. 

Polorizalion  of  average  canes  from  Early  Amher. 


No. 

Degree 
Brix. 

Sucrose. 

No. 

Degree 
Brix. 

Sucrose. 

1           

15.50 
15.70 
14.50 
18.00 
10.74 
14.74 
15.44 
18.44 
17.24 

Per  cent. 

10.80 

12.02 

7.54 

12.  78 

10.36 

8.58 

9.58 

.    13.25 

11.61 

10 

17.44 
14.94 
17.74 
17.52 
17.32 
17.32 

Per  cent. 
11.99 
8.08 
12.71 
12.04 
10.53 
10.88 

2     

11 

3 

12        

4           

13 

14 

15 

6 

7 

Highest 
Lowest . 

g 

13.  25 
7.54 

9  

While  the  difference  is  not  so  great  as  in  the  previous  table,  it  will  be 
seen  that  there  is  a  difference  of  nearly  G  per  cent,  of  sucrose  between 
the  richest  and  poorest  canes  in  fifteen  samples. 

Even  in  the  highly  improved  and  well  established  varieties  of  sugar- 
beets  this  variation  in  the  composition  of  individuals  occurs,  as  will  be 
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seen  iu  the  following  table  taken  from  Stammer,*  whicli  shows  analysis 
of  individual  beets  taken  from  the  same  row. 

Polarization  of  German  bugar-hceia. 


No. 

Weisht 
of  be(!t 
iu  grams. 

Degree 
Brix. 

Sucrose. 

Apparout 
purity. 

1 

2  

350 
7G0 
(J-10 

58.'') 

6r,o 

690 
290 
532 
660 

18.1 
15.7 
10.0 
15.  3 
15.  3 
10.4 
15.8 
10.  5 
19.0 
10.2 

Per  cent. 
14.9 
12.  9 
12.8 
12.8 
12.4 
13.9 
13.8 
13.1 
17.1 
13.5 

8?.  3 

82.4 
71).  7 
8:!.  7 
81.1 
78.8 
87.2 
79.5 
90.0 
83.0 

3 

4          .      - 

5  

C 

8 

y 

10 

Highest  . . . 

17.1 
12.4 

liOwoat 

1 

From  this  it  appears  that  these  individual  beets  showed  nearly  as 
great  variations  as  the  Amber  canes,  though  from  the  differences  in 
the  weights  of  the  beets  it  is  evident  that  they  were  selected  at  ran- 
dom, with  no  special  effort  to  obtain  average  samples,  as  was  the  case 
with  the  canes. 

DIFFICULTIES  IN  THE   SELECTION  OF  SEED  ACCORDINO  TO   CONTENT 
OF  SUGAR  IN  THE   CANE. 

It  is  much  more  difficult  to  select  the  best  individuals  of  a  sugar-pro- 
duciug  plant  than  of  plants  raised  for  other  purposes,  in  which  the 
relative  merit  of  the  individuals  can  be  seen  by  outward  appearances. 

There  are  no  known  reliable  outward  signs  which  indicate  that  a  cer- 
tain cane  contains  more  sugar  than  the  others.  In  a  garden  one  can 
select  the  finest  vegetables,  in  the  orchard  the  finest  fruits,  in  the  grain 
fields  the  finest  ears  of  corn  or  of  wheat,  by  the  eye  or  by  weight,  or 
by  very  simple  tests.  But  sugar  is  inside  the  canes,  mingled  with  other 
substances.  The  weight  of  the  canes  or  their  appearance  is  not  a  reli- 
able measure  of  the  sugar  which  they  contain.  Handsome  canes  may 
contain  but  little  sugar  j  canes  inferior  in  appearance  may  yield  sugar 
well.  The  sense  of  taste  is  not  a  reliable  test,  for  the  sugar  in  the  juice 
is  masked  by  other  substances.  A  sugar-cane  which  shows  by  analysis 
12  per  cent,  of  sugar  tastes  much  sweeter  than  a  sorghumcane  which 
shows  15  per  cent. 

The  sorghum  plant  will  be  improved  but  slowly  if  selections  of  seed 
are  made  only  by  the  size  or  weight  or  appearance  of  the  canes,  or  by 
simple  selections  of  the  finest  appearing  seeds. 

In  2,000  analyses  and  polarizations  of  cane  juice  made  at  this  station 
there  were  no  reliable  and  constant  outward  marks  observed  by  which 


the  canes  which  contained  most  sugar  could  be  selected. 


The  degree 


Lehrbucli  der  Zucker-fabrikatiou,  von  Dr.  K.  Stammer  Braunschweig,  18b7,  p. 


150. 
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of  maturity  was  the  odIv  sign,  and  selections  of  tlae  ricliest  canes  can 
not  be  made  by  that. 

Wlien  the  sugar-beet  growers  attempted  to  improve  the  sugar  beet 
they  met  with  the  same  difficulty.  They  were  well  aware  that  the  heredi- 
tary principles  which  are  known  to  apply  to  animals  also  apply  to 
plauts.  They  knew  that  the  individual  beets  which  actually  contained 
more  sugar  than  the  others  should  be  saved  for  planting.  But  the  char- 
acteristic points  of  beets  which  are  rich  in  sugar  vary,  so  that  they  are 
not  reliable  guides  in  selecting  beets  for  seed.  Kuauer  invented  a  ma- 
chine which  separated  beets  in  piles  according  to  their  weight,  in  order 
to  select  the  heaviest,  not  the  largest,  beets  for  seed.  And  beets  were 
placed  in  a  solution  of  salt-water  of  a  certain  density  j  the  beets  which 
sank  were  saved  for  seed.  These  methods  were  only  adapted  to  rough 
selections.  To  Yilmorin  is  due  the  credit  of  introducing  the  methods 
by  which  the  sugar-beet  has  been  so  wonderfully  improved.  He  ob- 
served that  a  cylindrical  piece  could  be  taken  from  each  beet  without 
iujury  to  the  plant.  These  sample  pieces  were  separately  tested  to  de- 
termiue  their  value  in  sugar  manufacture,  and  only  the  beets  which 
were  proved  to  contain  more  sugar  than  the  others  were  saved  for  seed. 
To  show  the  zeal  with  which,  the  work  of  improving  the  sugar-beet 
was  done,  it  is  only  necessary  to  say  that  at  the  Paris  Exposition  of 
1878  there  were  twenty  exhibitors  who  claimed  to  have  produced  im- 
proved varieties  of  the  beet.  Deprez  et  Fils  of  France  had  an  agri- 
cultural laboratory  with  facilities  for  making  2,000  analyses  of  beets 
daily.  AVith  the  assistance  of  Professor  TioUette  they  produced  three 
important  new  varieties  of  the  sugar-beet,  which  are  known  as  "Im- 
proved Deprez,''  1,  2,  and  3. 

It  is  evident  that  the  sorghum  industry  should  profit  by  this  experi- 
ence of  the  beet  industry,  and  that  sorghum  seed  should  be  saved  only 
from  individual  canes  which  yield  well  in  sugar. 

ADVAXTAaES    POSSESSED     BY    S0EGHU3I    OVER     OTHER     SUG-AR  PRO- 
D^CI^'G-  PLA^'TS   IX   the   SELECTIOX*   of    SEED. 

Sorghum  has  advantages  over  both  the  sugarcane  and  the  sugar- 
beet  in  selecting  seed  from  the  best  individuals,  and  it  can  reasonably 
be  expected  tb.at  its  improvement  could  be  made  much  more  rapidly 
than  has  been  the  case  with  the  former.  In  the  first  place  the  sugar- 
beet  is  a  biennial  phmt,  requiring  two  years  to  produce  its  seed;  sor- 
ghum is  an  annual,  requiring  but  one  year  to  mature  its  seed,  so  that  its 
progress  should  be  twice  as  rapid;  then  the  sorghum  is  unique  among 
sugar-producing  plants  in  that  its  seed  may  be  separated  entirely  from 
the  cane  and  the  latter  analyzed^  giving  exactly  the  worth  of  the  indi- 
vidual which  produced  the  seed,  without  injury  to  the  seed  itself.  This 
is  a  vast  improvement  over  the  tedious  method  that  must  be  pursued 
with  the  beet,  of  cutting  out  a  portion  of  the  root  for  the  purpose  of 
analysis.  Such  a  cylinder  can  not  represent  the  quality  of  the  whole 
root  with  entire  accuracy,  and  there  is  ground  for  supposing  that  it 
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somewhat  impairs  it  for  the  production  of  seed  the  next  year,  although 
the  originators  and  those  practicing  the  method  cUiim  it  does  not.  Cer- 
tainly the  analysis  of  the  entire  portion  of  the  plant  which  is  used  for 
sugar-making  purposes,  as  is  possible  in  sorghum,  is  greatly  superior. 
The  sugar-cane  is  at  a  tremendous  disadvantage  in  this  respect,  and 
this  is  undoubtedly  one  reason  why  it  has  fallen  behind  the  beet  in  the 
struggle  for  supremacy  as  a  sugar-producing  plant.  Being  propagated 
by  eyes,  or  suckers,  there  is  no  way  of  obtaining  an  analysis  of  the  cane 
without  injuring  it  for  seed  i)urposes.*  The  result  has  been  that  the 
plant  has  deteriorated  rather  than  improved,  w^hile  the  sugar-beet  has 
steadily  advanced  in- quality. 

Surely  it  would  be  criminal  folly  on  our  part  if  we  failed  to  avail  our- 
selves in  the  sorghum  industry  of  the  advantages  naturally  possessed 
by  the  plant,  and  of  the  lessons  taught  us  by  the  experience  of  others 
with  the  beet  and  the  cane. 

METHOD     OF     WORK     EMPLOYED     AT     THE     STERLING     EXPERIMENT 

STATION. 

Owing  to  the  pressure  of  work  at  this  station  the  past  campaign,  and 
the  attention  given  the  crosses,  the  selection  of  seed  from  the  best  in- 
dividual canes  of  the  established  varieties  was  not  instituted  until  late 
in  the  season,  and  could  not  be  carried  out  on  the  earlier  varieties.  The 
selection  should  properly  be  made,  of  course,  at  the  maximum  of  ma- 
turity of  the  cane.  The  plan  of  work  was  as  follows :  A  large  number 
of  canes  were  selected  from  the  plot,  care  being  taken  that  those  selected 
should  show  no  outward  faults  of  form,  and  should  be  average  canes  in 
size,  of  good  healthy  appearance.  A.  large  number  of  such  canes  were 
brought  in  to  the  station  barn  and  laid  out  in  serial  order,  the  heads 
cut  off,  a  label  with  number  attached  to  each,  and  a  corresponding  num- 
ber placed  on  a  receptacle  to  contain  the  juice.  Two  men  were  kept 
busy  turning  the  hand-mill,  while  a  third  kept  the  juices  in  proper 
order.  As  soon  as  the  juices  were  obtained  they  were  poured  into  hy- 
drometer jars,  and  when  they  had  stood  long  enough  to  permit  of  the 
escape  of  the  air  bubbles,  their  density  was  taken  roughly  with  a 
spindle.  If  the  reading  did  not  come  up  to  a  certain  standard  the  juices 
and  corresponding  seed-heads  were  rejected.  The  standard  used  de- 
pended upon  the  richness  of  the  variety  of  cane  from  which  the  selec- 
tions were  made,  being  placed  at  20°  or  even  21°  Brix  for  very  rich 

*  Professor  Stubbs  has  proposed  to  split  the  cane,  using  one-half  for  analysis,  and 
the  other  for  planting.  Of  course  there  would  be  considerable  difficulty  in  preserving 
the  split  cane,  and  there  is  no  record  of  its  ever  having  been  attempted.  It  would 
seem  more  feasible  to  cut  a  short  section,  containing  one  eye,  from  a  stalk  for  plant- 
ing, and  make  the  analysis  on  the  remaining  portion  of  the  stalk. 

The  success  of  Professor  Harrison  in  the  Barbadoes  in  producing  sugar-canes  from 
seed  (Royal  Gardens,  Kew,  Bulletin  of  Miscellaneous  Information,  1888,  No.  24,  p. 
294),  would  seem  to  give  hopes  for  the  improvement  of  the  plant  in  the  way  of  new 
varieties,  and  the  present  method  of  propagating  the  plant  from  any  kind  of  individ- 
uals that  may  be  most  oonyenient  should  receive  ec^ual  (itte^tion ;  it  is  simply  bar< 
bargus, 
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varieties  like  the  Links  Hybrid.  The  few  juices  which  i^assed  the  test 
were  sent  to  the  laboratoiy  for  complete  analysis,  and  the  correspond- 
ing seed-heads  carefully  preserved.  From  the  complete  analyses,  still 
further  selections  were  made,  so  that  ultimately  a  few  seed-heads  were 
saved  of  canes  showing  great  richness  and  purity  of  juice.  From  500 
to  1,000  canes  could  be  tested  in  this  way  in  a  day.  Some  of  the  canes 
obtained  by  this  method  of  selection  were  very  rich  in  sugar.  The  fol- 
lowing instances  serve  to  show  this. 

A  plot  of  Links  Hybrid,  of  which  the  highest  analysis  from  average 
samples  had  been  14.09  per  cent,  sucrose,  gave  on  selection  from  about 
500  canes  four  which  went  over  15  per  cent. 

Another  plot  of  the  same  variety,  showing  by  analysis  of  an  average 
sample  12.24  per  cent,  sucrose,  gave  by  selection  from  500  canes  three 
which  had  over  16  per  cent,  sucrose  in  the  juice. 

An  average  sample  of  a  plot  of  Liberian  cane  gave  14  i^er  cent ;  500 
canes  were  taken  from  different  parts  of  the  plot  and  one  cane  gave  17.59 
per  cent,  sucrose  in  the  juice  5  three  gave  over  16.5  per  cent.,  and  twelve 
over  15.5  per  cent. 

An  average  sample  of  the  Planters'  Friend,  a  new  variety  from  Aus- 
tralia, gave  11.63  per  cent,  sucrose;  selections  from  1,000  canes  gave  three 
which  contained  over  15  per  cent,  sucrose  in  the  juice.  Such  instances 
might  be  multiplied,  but  sufficient  evidence  has  been  given  to  show  the 
possibilities  in  this  method  of  improvement.  The  selections  have  all 
been  preserved,  and  can  be  planted  and  observed  another  year,  if  means 
are  afforded  the  Department  for  carrying  out  the  work. 

Analyses  of  selected  single  canes  from  standard  varieties. 
LIBEEIAX. 


of 

plot. 

Date. 

No.  of 
analysia. 

Degree 
Biix. 

222 

Oct.   3 

8t2 

18.46 

Oct.   3 

843 

18.36 

Oct.   3 

84.5 

18.90 

Oct.   3 

847 

19.  32 

Oct.   3 

856 

19.30 

Oct.  17 

1944 

21.13 

Oct.  17 

1945 

20.73 

Oct.  17 

1948 

20.83 

Oct.  17 

1950 

22.  91 

Oct.  17 

1951 

22.  41 

Oct.  17 

1953 

21.71 

Oct.  17 

1955 

22.  28 

Oct.  17 

1956 

20.80 

Oct.  17 

1960 

121.32 

Oct.  17 

1961 

21.62 

Oct.  17 

1962 

21.71 

Oct.  17 

1967 

21.91 

Oct.  17 

1968 

22.  41 

Oct.  17 

19G9 

21.31 

Oct.  17 

1983 

21.  58 

Oct.  17 

1985 

21.58 

Oct.  17 

1993 

22.38 

Oct.  17 

1996 

21.92 

Oct.  17 

2000 

21.62 

Oct.  17 

2002 

22.88 

73 

Oct.  16 

1805 

18.70 

72 

Oct.  17 

1900 

19.72 

Oct.  17 

1905 

19.88 

Oct.  17 

1907 

19.68 

Sucrose.    Glucose. 

.         I 


Per  cent.  '■  Per  cent. 
12.96  1 

13.29  

13.47  

13.30  

14.22  I 
15.71 


1.31 


15.64 
1.5.  49 
16.42 
16.20 
17.69 
15.74 
1.5.  30 
15.12 
15.34 
15.06 
15.00 
10.  49 
15.70 
16.75 
1.5.  74 
15.93 
14.  62 
14.75 
15.66 
13.34 
14.18 
14.37 
13.99 


2.28 
1.22 
1.97 


Coeffi- 
cient of 
purity. 


1.84 


70.21 
72.  39 
71.27 
08.84 
73.68 
74.35 
75.45 
74.36 
71.67 
72.29 
81.48 
70.65 
73.56 
70.92 
70.  95 
69.37 
68.46 
73.58 
73.67 
77.62 
72.94 
71.18 
66.70 
68.22 
68.44 
71.34 
71.91 
72.28 
71.09 


143 

Analyses  of  selected  swgle  canes  from  standard  varieties — Contiimd, 
LIKKS  HYERID. 


No. 
of 

plot. 

Date. 

No.  of 
analysis. 

Dejjreo 
Eri.x. 

Sucrose. 

Glucose. 

Co-efli- 
cient  of 
purity. 

Oct.  18 
Oct.  IS 
Oct.  18 
Oct.  18 
Oct.  18 
Oct.  18 
Oct.  18 
Oct.  18 
Oct.  18 
Oct.  18 
Oct.  18 

2007 
2U09 
2010 
2015 
2U20 
2021 
2022 
2029 
2036 
2038 
2048 

20.77 
21.58 
21.  C8 
21.10 
21.28 
21.  58 
21.17 
21.12 
21.70 
21.50 
21.  55 

Per  cent. 
15.  30 
15.34 
15.57 
15.18 
15.95 
16.11 
15.  85 
15.  02 
15.84 
1,5.  .52 
16.51 

Per  cent. 

73.  66 
71.08 
73.86 
71.94 

74.  95 
74.  65 
74.87 
75.38 
73.00 
72.19 
76.61 

.69 
.92 
1.09 

EARLY  ORANGE. 


[ 

Selections  taken  from  lar^e  cane-field.] 

Oct.  18 
Oct.  18 
Oct.  20 

2040 
2041 
2102 

22,18 
21.46 
21.68 

17.05 
1.5.26 
14.88 

.67 

76.87 
71.11 
68.63 

EARLY  ORANGE. 


74 

Oct.  17 
Oct.  17 

1940 
1941 

20.  70. 
20.50 

15.01 
13.58 

72.51 
66.24 

PLANTERS'  FRIEND. 


214 


Oct.  16 
Oct.  16 
Oct.  16 
Oct.  16 
Oct.  16 
Oct.  16 
Oct.  16 
Oct.  10 
Oct.  16 
Oct.  16 
Oct.  16 


1820 
1831 
1839 
1812 
1844 
18.53 
1856 
18.57 
1863 
1877 
1880 


21.70 
22.  00 
19.70 
20.10 
20.00 
21.58 
20.20 
20.  60 
20.  28 
20.  GO 
21.00 


14.71 
15.  55 
14.16 
14.  94 
14.00 
14.53 
14.18 
15.41 
14.51 
14.68 
14,86 


CHINESE. 


67.79 
70.68 
71.88 
74.33 
70.  00 
67. 33 

70.  20 
74.81 
71.55 

71.  26 
70.76 


215 

Oct.  13 

1508 

19.68 

14.71 

1.23 

74.75 

The  following  table  gives  the  highest  analysis  obtained  in  each  of 
five  varieties  by  selection  : 


Highest  analysis  o 

/  single  canes  by  selection  from  standard 

varieties. 

Variety. 

Date. 

No.  of 
analysis. 

Degree 
Brix. 

Sucrose. 

Glucose. 

Co-em- 
ciont  of 
purity. 

Liberian 

Early  Oranjro 

Links  Hvbiid 

Planters'  Ericnd... 
Chinese 

Oct.  17 
Oct.  18 
Oct.  18 
Oct.  16 
Oct.  13 

1953 
2040 
2036 
1831 
1508 

21.71 
.22.18 

21.  70 

22.  00 
19.  C8 

Per  cent. 
17.69 
17.  05 
15.92 
15.55 
14.71 

Per  cent. 

1.97 
.67 
.69 
.82 

1.23 

81.48 
76.87 
75.  38 
70.68 
74.75 
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Y.   ExPERniENTS  IN  IMPROVEMENT  BY  METHODS   OF   CULTIVATION. 

It  is  a  rule  iu  agricultural  science  that  to  obtain  the  best  results  the 
individual  plants  must  be  given  the  most  favorable  conditions  possible 
for  full  development. 

In  the  effort  to  improve  the  sorghum  plant  methods  of  cultivation 
will  play  an  important  part.  Yery  little  attention  has  been  paid  here- 
tofore to  this  subject,  the  cheapest  and  easiest  methods  being  followed ; 
and  the  sorghum  crop  has  had  about  the  same  cultivation  as  is  given 
to  the  corn  crop.  In  the  work  at  this  station  no  very  extensive  experi- 
ments could  be  made  on  different  methods  of  cultivation,  but  a  number 
of  j)ractical  i)oints  were  evolved,  which  may  be  stated  as  our  views  on 
the  best  methods  to  be  followed,  without  going  into  details  as  to  the 
evidence  upon  which  the  conclusions  were  based. 

It  is  desirable  in  growing  cane  for  sugar  manufacture,  that  as  nearly 
as  possible  all  of  the  plants  in  one  field  should  rix^en  at  one  time.  If 
in  one  row  there  are  some  canes  fully  ripe  and  other  canes  immature,  it 
will  not  be  easy  to  harvest  the  canes  at  the  time  when  each  contains  its 
maximum  of  sugar.  It  is  a  point  of  advantage  to  have  all  come  up  at 
the  same  time.  This  can  best  be  accomplished  by  planting  the  cane  on 
freshly  plowed  land  the  same  day  the  land  is  plowed,  and  by  being 
careful  to  cover  the  cane  seed  at  a  uniform  depth  with  earth.  This  in- 
sures as  uniform  a  start  as  iiossible  for  the  canes,  and  while  it  may 
seem  a  trifling  matter  it  often  materially  affects  the  results. 

After  the  young  plants  have  come  up  a  serious  problem  arises,  and 
that  is,  how  to  cultivate  the  plants,  to  pulverize  and  loosen  the  soil, 
and  to  destroy  the  weeds  without  injuring  the  roots  on  which  the  de- 
velopment of  the  i)lants  depends. 

Great  injury  is  done  to  the  roots  of  canes  when  the  cultivator  works 
deep  and  close  to  the  i)lants  after  they  have  attained  considerable  size. 
This  injury  is  perhaps  greater  than  most  persons  suppose.  It  appears 
to  be  proved  by  a  very  simi^le  experiment.  If  the  roots  of  a  hill  of 
cane  are  cut  all  around  the  hill  with  a  spade  at  a  distance  of  6  inches 
from  the  canes  to  a  depth  of  (>  inches  from  the  surface,  when  the  plants 
are  4  inches  high,  and  if  this  process  is  repeated  once  a  week  until  the 
canes  are  4  feet  high,  the  canes  thus  treated  will  be  found  to  ripen  later 
and  to  be  inferior  in  all  respects.  In  wet  seasons  the  injury  is  not  so 
great  as  in  dry,  but  injuries  are  caused  to  growing  plants  bj'  the  culti- 
vator as  with  the  spade. 

To  avoid  destroying  and  mutilating  the  roots  of  the  growing  canes, 
it  seems  better  to  give  deei)  and  close  cultivation  while  the  plants  and 
their  roots  are  small,  and  when  the  first  cultivation  is  given  to  use  long 
and  narrow  shovels,  which  work  near  the  canes,  and  with  a  slow  and 
steady  team  give  close  and  deep  and  thorough  cultivation  before  the 
rootlets  are  expanded  sufticieutly  to  be  injured  by  such  cultivation. 

In  the  succeeding  cultivations  "shallow  shovels, "  that  is,  shovels 
having  such  foriu  that  they  do  tWu:  work  at  or  near  tUe  surface  of  tlie 
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soil,  should  work  near  the  plants,  while  deeper  cultivation  may  be  had 
at  a  distance  from  the  plant  which  the  roots  have  not  reached. 

The  form  of  shovel  preferred  in  the  experiments  at  this  station  is 
known  as  the  '•  Eagle's  Claw."  It  consists  of  eight  small  shovels,  which 
are  attached  to  the  beams  of  a  two  horse  cultivator,  four  shovels  work- 
ing on  each  side  of  tlie  row  of  cane.  The  form  of  these  shovels  is  such 
that  the}'  do  not  enter  the  soil  deeply  ;  tliey  llioronghly  pulverize  all  the 
surface  soil  and  destroy  weeds,  and  work  close  to  the  growing  plants 
with  little  injury  to  the  roots. 

We  have  alluded  to  these  points  because  we  believe  the  yield  of  sugar 
is  often  materially  lessened  by  injuring  the  roots  of  the  canes.  JMutila- 
tion  of  the  cane  plants  above  the  surface  of  the  soil  is  known  to  pro- 
duce a  lessened  yield  of  sugar,  and  injuries  to  the  cane  plants  below 
the  surface  doubtless  decrease  it  also.  Many  cane-growers,  as  they  "  lay 
by  "  their  cane  crop,  or  finish  the  cultivation  and  see  its  deeply  and 
closely  cultivated  canes  free  from  weeds,  do  not  realize  that  while  de- 
stroying weeds  they  nearlj^  destroyed  their  cane  plants,  and  while 
working  for  their  canes  they  were  working  against  them  and  against 
the  yield  of  sugar. 

DISTANCE   APART   AT   WHICH    CANES   SHOULD   STAND   IN   THE   ROW. 

This  is  a  subject  which  has  attracted  considerable  interest  among 
sorghum-growers  lately.  Mr.  Hughes  obtained  last  year  the  highest 
yield  of  sugar  per  acre  ever  reported  for  sorghum.  According  to  bis 
statement,  "  this  was  occasioned  by  carefully  planting  tbe  hills  closer 
and  giving  it  good  attention,  together  with  f:ivorable  rains."*  As  a 
contribution  to  the  solution  of  this  important  question,  the  following 
analyses  may  be  recorded. 

Two  experiments  were  made  with  different  plots  of  cane,  both  of 
which  had  been  planted  with  drill.  Tbe  planting  had  been  rather 
uneven,  and  some  rows  were  much  thicker  tban  others.  A  thick  and  a 
thin  row  in  each  plot  were  chosen,  the  canes  counted  and  cut  for  a  con- 
siderable distance,  which  was  measured,  and  the  whole  run  through  tbe 
mill.  Tbe  number  of  canes  divided  into  tbe  length  of  row  cut  gave 
the  average  distance  apart  of  the  canes  in  the  row,  and  from  the  weigbt 
of  the  whole  sample  the  yield  per  acre  was  calculated.  The  following 
table  gives  the  results  of  the  analyses: 


Yield, 

tons  per 

acre. 

Decree 
Brix. 

Sucrose. 

Glucose. 

Co-effi- 
cioint 
purity. 

Experiment  No.  1,  Early  Amber  cane : 
Growing  4  inclies  apart  in  the  row. .. 

18.20 
lost 

17.  H2 
18.70 

Per  cent. 

12.  .'50 
14.01 

11.73 

13.  IG 

Per  cent. 
2.  nl 
2.  GO 

2.82 
2.62 

G8.5 

Experiment  No.  21,  Early  Orauae  caiie: 
Growiujr  3.4  Indies  apai  t  iu  tlio  row  . 
Growing  8.8  inches  apart  in  the  low  . 

9 

7.1 

65.8 

70.4 

*Bnll.  No.  17,  Clieiu.  Div.,  U.  S.  Dept.  Agriculturo,  p.  C8. 
1405C— Bull.  20 10 
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These  analyses  show  very  decided  differences  between  the  two  samples. 
The  conditions  were  in  all  respects  similar,  except  as  to  the  distance 
apart  of  the  canes  in  the  row,  and  the  large  samples  taken  diminished 
the  i)0ssible  error  of  sampling,  so  that  considerable  reliance  may  be 
placed  upon  the  results.  It  will  be  seen  that  in  both  experiments  the 
canes  which  were  thin  in  the  row  were  much  better  in  quality  than  those 
which  stood  closely  together ;  the  content  of  sucrose  is  higher,  of  glu- 
cose lower,  and  the  purity  is  greater.  It  is  evident  that  close  planting, 
Tvhile  it  increases  the  tonnage,  diminishes  the  yield  of  sugar  i:>er  ton. 
Of  coar^  there  is  a  proper  mean  between  too  close  planting  on  the 
one  band  and  too  thin  planting  on  the  other,  and  this  subject  is  worthy 
of  more  attention  and  discussion  than  has  previously  been  given  it. 

It  is  probable  that  the  distances  at  which  canes  should  be  planted 
vary  to  some  extent  with  the  varieties.  For  instance,  it  would  seem 
that  the  small  canes  of  the  Early  Amber  do  not  require  so  much  space 
as  the  much  larger  canes  of  the  Honduras,  and  it  also  seems  that  soils 
and  climate  may  require  the  distances  between  the  canes  to  vary.  For 
instance,  it  is  well  known  that  corn  is  planted  much  closer  in  the  Xorth 
than  in  the  South. 

YI.  3IISCELLA.NEOUS  EXPERI3IEXTS  A^'D  EeSULTS  OF  ObSERYATIONS. 

EFFECTS    OF   FEOST. 

The  effect  of  a  light  frost  upon  sorghum  cane  has  always  been  a 
mooted  question,  some  holding  that  it  is  not  injured  by  a  frost  which 
only  kills  the  leaves,  but  rather  has  the  effect  of  ripening  the  cane.  It 
seems  reasonable  to  suppose  that  it  does  affect  it  unfavorably,  how- 
ever, as  it  kills  the  leaf  and  stops  farther  growth  and  vitality  in  the 
plant.  The  question  is  an  important  one,  for  it  is  quite  common  to 
have  a  slight  frost  quite  early  in  the  season.  A  few  observations 
were  made  on  this  point  at  this  station  the  past  season.  The  first 
frost  occttrred  on  the  night  of  September  27.  On  October  0,  about  a 
week  afterwards,  when  the  effects  of  the  frost  were  plainly  perceptible, 
the  different  plots  were  examined  to  see  if  any  observations  of  impor- 
tance could  be  made.  The  more  immature  varieties  seemed  to  have 
resisted  the  action  of  the  frost  better  than  those  which  were  more  ma- 
tured; the  Honduras,  for  instance,  holding  the  bright  green  of  its  leaves, 
almost  without  exception.  Some  varieties  appeared  to  have  resisted 
the  action  of  the  cold  much  better  than  others,  giving  some  ground  for 
the  hypothesis  that  this  might  prove  a  constant  characteristic.  Other 
plots,  again,  showed  some  spots  that  were  almost  entirely  untouched 
by  the  frost,  while  in  other  spots  the  leaves  were  quite  dead,  the  differ- 
ences being  doubtless  due  to  different  conditions  of  evaporation  from 
the  soil.  These  plots  seemed  to  offer  an  opportunity  for  comparative 
analyses  of  frosted  and  unfrosted  canes.  Large  samples  were  taken  of 
both  kinds,  taking  all  the  care  possil>le  to  have  them  comi)arable  in  all 
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respects,  except  as  to  the  frosted  and  uiifrostcd  condition.     The  results 
he  following  table: 

Anah/tics  of  frosted  and  uvfrosled  canes  of  the  same  2)Iot. 


are  given  in  the  following  table: 


Not  frosted. 

Frosted. 

Variety. 

No.  of 
analysis. 

Dejrreo 
Brix. 

Sucrose. 

Per  cent. 
11.71 

11.10 
13.  52 

13.  56 
11.90 
12.  74 

Glucose. 

No.  of 
analysis. 

469 

499 
479 

482 
475 
478 

Degree 
Brix. 

Sucrose. 

Glucose. 

Waubansee 

Waubansee  (an- 
other plot) 

Eed  Liberian 

Keel  Liberian  (an 
other  plot) 

PlotNo.67 

408 

498 
471 

481 
474 
477 

16.  32 

1.5.87 
18.80 

19.20 
16.33 

18.10 

Per  cent. 
.91 

.92 
1.67 

1.42 
1.20 
1.47 

16.72 

15.07 
18.20 

16.15 
15.01 
15.70 

Per  cent. 
10.75 

9.96 
12.75 

10.26 
10.30 
10.  96 

Per  cent. 
1.50 

1.  .50 
1.38 

2.93 
1.39 
1.  71 

17.44 

12.42 

1.27 
71.2 

16.14 

10.83 

1  73 

Coefficient  of  purity 

67  1 

It  will  be  seen  that  in  every  case  the  juice  from  the  frosted  canes  was 
quite  inferior.  The  average  of  the  six  different  idiots  shows  the  juice 
from  the  frosted  cane  was  lower  in  solids,  lower  in  sucrose,  higher  in 
glucose,  and  of  less  purity  than  the  juice  from  the  canes  which  had  been 
but  little  touched  by  the  frost,  as  shown  by  the  leaves  being  fresh. 

While  not  sufficient  in  number  to  establish  the  point,  these  analyses 
seem  to  show  that  sorghum  cane  deteriorates  after  the  leaves  are  killed 
by  frost. 

ANALYSES  OF  SAMPLES  FROM  ARKANSAS. 

The  capabilities  of  Arkansas  as  a  sorghum-growing  State  have  never 
been  very  extensively  investigated.  The  Sterling  Sirup  Works  received 
this  fall  a  bundle  of  cane  from  one  of  the  "prairie  counties"  of  Arkan- 
sas, and  the  different  samples  were  analyzed  at  the  station,  with  the 
following  results : 

Analyses  of  canes  from  Arlcansas. 


Variety. 

No.  of 
analysis. 

Degree 
Brix. 

Sucrose. 

Glucose. 

Coeffi- 
cient 
purity. 

Texas  Red 

Honduras 

545 
546 
547 

548 

20.  25 
20.  25 
18.25 
19.  25 

Per  cent. 

13.80 

3.68 

11.05 

14.24 

Per  cent. 
2.84 
8.47 
5.24 
2.23 

68.1 
18 

?1 

0ran"'e 

As  a  general  rule  samples  of  sorghum  sent  from  one  point  to  another 
by  express  are  so  much  inverted  when  they  arrive  at  their  destination 
that  the  analyses  are  worthless ;  and  then  when  samples  of  a  few  canes 
are  selected  by  persons  not  familiar  with  the  plant,  the  largest  and 
finest-looking  canes  are  chosen,  which  generalh^  give  a  lower  per  cent, 
of  sugar  than  average-sized  canes.  In  view  of  these  facts,  the  above 
analyses  make  a  remarkably  fine  showing  for  the  locality  which  pro- 
duced the  canes.    The  samples  all  consisted  of  quite  large  fine  caneg, 
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but  still  gave  a  good  analysis.  The  sample  of  Texas  Eed  was  a  tremen- 
dously large  cane.  Tliesamples  of  Honduras  aud  Chinese  bad  evidently 
inverted  slightly,  the  others  very  little. 

Another  lot  of  samples  received  by  the  Sirup  Works  from  Thomas  Les- 
lie, Stuttgart,  Ark.j  consisted  of  the  following  varieties :  Gooseneck, 
Honduras,  and  Orange.  As  the  analysis  showed  all  to  be  badly  in- 
verted, it  is  not  worth  while  to  give  the  results. 

ANALYSES  OF  SUGAR  BEETS. 

A  few  samples  of  sugar  beets  were  brought  into  the  station  for  analy- 
sis by  farmers  living  near  town.  They  were  grown  from  imported  seed 
which  had  been  distributed  in  western  Kansas  by  Mr.  Claus  Spreckels, 
in  the  sjuing  of  ISSS.     The  following  table  gives  the  results  : 

AnaJijses  of  sugar  deets. 


riom — 

No.of 
,  analysis. 

! 

Peoree 
Brix. 

Sacrose 

Glucose. 

Ash. 

Coeffi- 
cient of 
polity. 

Mt.  Eimruers 

Do 

Mr.  SUibbs 

Mr.Schlichter... 

1              j 
• 

..!            459 
464 
463 
465 

13.18 
14.32 
14.  22 
14.41 

Per  cent. 

8.  30 
9.6i 
8.92 
9.75 

Per  cent. 
.43 
.2:1 
.30 
.24 

Per  cent. 

'""i'.m 

2.19 
2.04 

63.4 
67.0 
62.7 
67.6 

These  analyses  seem  to  furnish  evidence  to  the  effect  that  this  part 
of  Kansas  is  better  suited  to  the  growth  of  sorghum  than  the  sugar  beet. 
]None  of  tbe  sam^^les  above  show  a  sufficiently  high  percentage  of  sugar 
to  make  them  available  for  profitable  sugar  manufacture,  and  the  high 
l)ercentage  of  ash  shown  is  remarkable ;  it  is  doubtless  due  to  the  highly 
saline  character  of  the  subsoils  in  this  l(»cality. 

ANALYSIS  OF  FEOZEX  CAXE. 

On  the  night  of  October  19,  most  of  the  cane  still  standing  in  the  field 
was  frozen.  In  continuation  of  the  work  on  development  a  sample  was 
taken  early  in  the  morning  from  the  plot  of  Link's  Hybrid,  and  when 
the  canes  were  run  through  the  mill  they  were  found  to  be  partially 
frozen.  The  juice  was  analyzed,  however,  and  the  analysis  is  given 
here,  together  with  the  analysis  of  the  juice  from  another  sample  from 
the  same  plot  taken  later  in  the  day,  after  it  had  "  thawed  out." 


Analysis  of  frozen  cane. 

Description.                                 ^  ^^^-[^ 

Depree 
Brix. 

Sucrose. 

Glucose. 

Coeffi- 
cient of  1 
purity,    i 

Juic6  from  sample  tnlcen  wlijle  frozen                            650 

27.10 
18.  20 

Per  cent. 
19.43 
13.45 

Per  cent. 
1.81 
.90 

71.7 

73.7 

Juice  from  sample  taken  alter  thawing  out 651 

This  analysis  is  inserted  more  as  a  matter  of  curiosity  than  anything 
^Ise.     It  shows  simply  that  part  of  the  water  in  the  juice  was  frozen,  so 
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that  the  juice  expressed  was  more  dense  than  ordinar4iy.  It  miglit  also 
be  used  to  illustrate  the  imperfection  of  the  present  method  of  deter- 
mining the  composition  of  a  cane  by  the  analysis  of  the  juice  expressed 
from  it  by  a  mill.  Such  analyses  are  always  subject  to  the  variations 
of  the  degree  of  extraction  by  the  mill,  the  dryness  of  the  cane,  etc.  Of 
course  the  removal  of  part  of  the  water  from  the  juice  on  account  of  the 
cane  being  frozen  would  not  often  occur,  but  a  loss  of  water  by  drying 
would  also  have  the  effect  of  increasing  the  density  of  tbe  juice  ex- 
tracted. It  is  to  be  hoped  that  methods  will  be  perfected  that  will  ad- 
mit of  the  proper  sampling  of  the  caiie  itself,  and  the  direct  determina- 
tion of  the  sugar. 

SIZE   OF    SORGHUM  SEED. 

The  size  and  weight  of  sorghum  seed  varies  greatly  in  different  varie- 
ties, and  in  different  individuals  of  the  same  variety.  Professor  Henry 
found  27,680  seeds  to  the  pound  of  Wisconsin  Amber.  Dr.  Collier  found 
19,000  in  Virginia  Amber.  In  a  sample  of  the  Early  Amber  seed  grown 
at  this  station  there  were  20,200  seeds  to  the  pound.  In  a  sample  of 
the  New  Orange  variety  there  were  21,7G0  seeds  to  the  pound.  In  a 
sample  of  Doura  (non-saccharine)  there  were  10,480  seeds  to  the  pound. 
This  variety  has  the  largest  seed  of  anj  grown  here.  In  an  average 
sample  of  the  Eed  Liberian  variety  there  were  31,400  seeds  to  the  pound. 
This  has  the  smallest  seed  of  any  variety  grown  here.  In  a  pound  of 
seed  of  the  same  variety,  selected  for  large  size,  there  were  21,800  seeds, 
one-third  less  than  the  average  sample. 

The  vigor  of  the  young  sorghum  plants  in  the  first  weeks  of  their  ex- 
vistence  corresponds  closely  to  the  weights  of  the  seeds  which  produced 
them. 

It  seems  evident  that  more  vigorous  plants  can  be  procured  by  select- 
ing seeds  which  are  above  the  average  size.  The  Liberian,  for  instance, 
produces  very  small  seeds,  and  these  produce  very  small  and  slow-grow- 
ing plants  while  they  are  young,  although  they  eventually  produce  large 
and  handsome  canes.  It  will  be  noticed  that  the  sample  of  larger  seeds 
selected  from  the  Liberian  had  the  same  weight  as  average  seeds  of 
other  varieties. 

It  is  to  be  supposed  that  these  larger  seeds  would  produce  more  vig- 
orous plants  than  the  average  seeds  of  that  variety. 

Major  Hallett  found  that  by  selecting  the  finest  grains  of  wheat  he 
improved  the  plants  and  also  improved  the  variety. 

Mr.  Wilson  separated  the  largest  and  the  smallest  seeds  of  the  Swed- 
ish turnip;  he  found  that  the  plants  from  the  largest  seeds  took  the 
lead  and  maintained  their  superiority  to  the  last. 

Director  Briem  made  similar  experiments  upon  sugar  beets,  as  fol- 
lows:* 

"  It  is  a  well-known  fact  that  seeds  of  different  size  and  weight  of  any  phmt  will  cor- 
respondingly develop  plants  of  ditferent  size  and  weight  if  conditions  of  life  are 
*  Wiener  LandwirtscliafthclieZeitnng,  18.!57,  No.  99,  S.  70:i.    Agric.  Science  II,  141. 
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otherwise  equal.  To  determine  tlie  amount  of  these  variations  in  the  sugar  beet  the 
author  made  the  following  experiment  :  Six  hunches  of  seed  from  one  mother  heet 
were  selected,  cultivated  separately,  and  the  developed  plants  transplanted  after 
thirty-seven  clays  in  such  a  manner  that  each  plant  had  the  same  space  of  soil.  The 
crop  of  beets  gave  the  following  results: 


Seed  bunches. 

Plants  produced. 

1 

2 

3 

4 

5 

6 

Xo,  1  containe'l  six  seeds 

Ko.  2  contained  six  seeds 

1^0.  3  contained  five  seeds 

Ko.  4  contained  five  seeds 

i^o.  5  contained  four  seeds... 
Xo.  6  contained  four  seeds.. . 

Grams. 
1,160 
598 
735 
635 
580 
370 

Grams. 
820 
550 
685 
625 
525 
350 

Grains. 
720 
415 
420 
500 
350 
310 

Grams. 
240 
400 
310 
115 
335 

Grams. 

240 

255 

1G5 

35 

Grams. 
110     I 
245 
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From  these  numbers  will  be  seen  the  great  ditierence  in  the  vreight  of  the  beets 
although  produced  from  the  same  bunch.  This  illustrates  the  great  variability  of 
the  sugar  beet  in  inheriting  properties,  and  suggests  the  greatest  care  in  selecting 
seed  for  culture."' 

In  tlie  work  in  the  selection  of  the  individual  canes  which  contained 
the  highest  i^ercentage  of  sugar  it  was  noticed  that  almost  without  ex- 
ception the  seed  heads  of  these  canes  were  far  below  the  average  in 
size  and  weigiit.  This  will  be  seen  by  an  inspection  of  a  photograph 
which  was  taken,  showing  the  seed-heads  which  gave  the  highest  analy- 
sis in  the  work  this  season.  It  may  also  be  remarked  that  the  non- 
saccharine  varieties  are  invariably  large  seed-bearers,  and  have  mag- 
nificent seed-heads. 

Perhaps  the  simultaneous  production  of  a  large  amount  of  seed  and 
of  a  high  percentage  of  sugar  are  incompatible? 

When  any  selection  of  sorghum  seed  is  practiced  at  all  it  is  the  uni- 
versal custom  to  select  the  largest  and  finest  seed-heads,  but  perhaps 
this  method  of  selection  is  better  calculated  to  improve  the  yield  of  seed 
than  the  yield  of  sugar.  This  is  a  most  interesting  and  important  ques- 
tion, and  we  commend  it  to  future  investigators. 

CONTINUATIOX  OF   THE   AVORK    IX   THE  IMPROVEMENT    OF    THE  SOR- 
GHUM   FLAN'T. 

The  necessity  for  the  continuance  of  this  work  has  already  been  suf- 
ficiently pointed  out.  Even  after  highly  sacchaiiferous  varieties  have 
been  produced  careful  selection  of  seed  will  still  be  necessary  in  order 
to  maintain  a  high  standard  of  excellence.  Who  is  to  carry  on  this  es- 
sential branch  of  the  industry  ?  In  Europe  the  beet  industry  is  sufiQ- 
ciently  extensive  to  justify  large  seed  concerns  in  undertaking  such 
work,  and  some  of  the  largest  factories  save  their  own  seed.  In  some 
of  the  beet-growing  countries  the  agricultural  experiment  stations  ren- 
der efficient  aid  in  this  direction.  In  this  country  the  industry  is  still 
so  young  that  it  can  not  be  expected  that  private  capital  will  undertake 
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the  task  of  improving  the  plant.  The  new  factories  have  so  nuicli  to 
contend  with  that  tbey  canuot  possibly  devote  the  necessary  time  and 
expense  to  it.  The  agricultural  experiment  stations,  in  whose  province 
it  would  seem  to  fall,  have  been  but  recently  established  in  thesorghum- 
growing  States,  and  are  not  fully  equipped  for  such  work,  besides  hav- 
ing their  attention  taken  up  by  other  agricultural  products.  Yet  sev- 
eral of  them  have  already  done  something  in  the  line  of  sorghum  im- 
provement, and  others  have  announced  their  intention  of  doing  so.  It 
would  seem  to  be  essentially  fitting  and  proper  if  the  Department  of 
Agriculture  were  provided  with  authority  and  means  for  its  continuance. 

Whoever  it  may  be  that  undertakes  the  work,  it  is  important  that 
they  should  have  the  benefit  of  whatever  the  experience  of  the  past 
season  at  this  station  has  taught ;  we  think  it  advisable,  therefore,  even 
at  the  risk  of  some  repetition,  to  outline  in  a  general  way  the  principles 
and  methods  to  be  pursued  in  the  future  conduct  of  such  work.  It  must 
be  remembered,  of  course,  that  we  have  only  the  experience  of  one  short 
season  to  draw  upon,  and  while  many  of  our  ideas  are  based  upon  that, 
and  upon  analogies  in  beet  culture,  some  have  only  the  foundation  of 
our  own  judgment  to  rest  upon. 

In  selecting  sorghum  seed  the  following  may  be  outlined  as  the  gen- 
era!  course  of  procedure : 

1.  Seed  should  be  selected  from  the  varieties  which  have  proved  to  be 
the  best  adapted  to  the  locality.  Those  which  are  defective  in  any 
respect  should  either  be  thrown  out  or  their  faults  removed  by  such 
crossing  or  selection  as  will  have  that  tendency. 

2.  The  seed  of  these  varieties  should  be  selected  from  the  individuals 
which  show  the  fewest  faults  of  form,  the  highest  content  of  sugar,  and 
the  least  content  of  other  substances. 

3.  The  seed  from  the  best  individuals  should  receive  such  cultivation 
and  fertilization  as  may  be  shown  by  experiment  to  give  the  best  results 
in  yield  of  sugar,  in  proportion  to  the  area  of  soil  covered. 

It  may  seem  impossible  to  carry  on  these  several  lines  of  selection  at 
once ;  to  select  seed  from  the  individual  canes  which  yield  most  sugar, 
and  at  the  same  time  to  select  seed  with  reference  to  the  physical  char- 
acters of  the  canes.  But  more  than  one  point  is  always  necessarily  con- 
sidered in  all  plant  selections.  The  faults  of  form  in  the  beet  have  been 
bred  out,  merely  to  obtain  a  form  to  admit  of  ready  cleansing. 

The  faulty  forms  of  the  sorghum  cane  have  already  been  pointed  out. 
Seed  should  never  be  saved  from  "  tillers,"  or  secondary  canes,  or  sup- 
plementary heads,  as  they  would  tend  to  reproduce  canes  which  would 
produce  a  second  crop  of  seed. 

Photographs  of  some  of  the  canes  selected  for  future  propagation 
at  this  station  will  show  how  faulty  forms  inherent  to  certain  varieties 
may  be  eliminated.  The  canes  are  from  a  plot  of  Link's  Hybrid.  This 
variety  has  nearly  always  proved  to  be  a  good  sugar-producing  variety, 
and  its  greatest  fault  is  one  of  form.    The  top  joint  is  apt  to  be  very  long, 
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slender,  and  tapering;  and  as  the  seed  liead  is  pretty  heavy  it  sways  back- 
wards and  forwards  iu  tbe  wind,  and  in  storms  is  very  apt  to  "lodge." 
Selections  made  from  a  rather  limited  nnmber  of  canes  in  which  this 
tendency  was  partially  eliminated  gave  individuals  which  were  great 
improvements  upon  the  typical  cane  of  the  variety.  This  shows  how  a 
fault  may  be  gradually  eradicated  by  selection  of  desirable  variations. 
Again,  from  a  cross  of  the  Links  Hybrid  with  the  Early  Orange,  in- 
dividuals were  obtaiued  which  retained  most  of  the  desirable  qualities 
of  the  former,  with  its  typical  seed  head,  aud  engrafted  upon  the  stout, 
stocky  caues  of  the  latter.  This  shows  the  breeding  out  of  au  undesir- 
able quality  by  crossing.  The  photographs  which  show  the  canes  ob- 
tained by  these  two  different  methods  contrasted  with  typical  canes  of 
the  variety,  illustrate  very  graphically  the  possible  progress  that  can 
be  made  in  two  generations  in  the  improvement  of  a  variety  in  form. 
Faults  in  form  are  so  readily  seen,  that  it  is  much  more  easy  to  eradi- 
cate them  by  selection  than  faults  of  composition,  which  can  only  be 
ascertained  by  chemical  analysis.  Only  such  canes,  then,  should  be 
taken  for  analysis  as  show  not  only  freedom  from  general  faults,  but 
also  a  tendency  towards  elimination  of  faults  of  the  variety  to  which  it 
belongs. 

It  may  be  as  well  to  insert  here  a  caution  as  to  the  use  of  crossing. 
It  has  been  shown  that  sorghum  is  extremely  variable,  and  this  fact  is  a 
sort  of  guaranty  that  by  continued  selection  improved  varieties  can  be 
created,  for  variation  makes  selection  possible,  and  selection  makes  im- 
provement possible,  but  care  should  be  exercised  in  making  use  of  this 
tendency.  There  is  a  well  founded  prejudice  against  "  mixed  "  varieties 
of  sorghum.  The  most  worthless  men,  animals,  and  plants  are  those 
which  belong  to  heterogeneous  and  indiscriminately  mixed  races.  Bad 
qualities  are  transmitted  as  well  as  good.  The  most  of  the  crosses 
grown  at  this  station  were  worthless.  Darwin  says,  "A  variety*  may  be 
variable,  but  a  distinct  and  improved  race  will  not  be  formed  without 
selection."  After  the  desired  degree  of  variation  in  the  variety  has 
been  obtained  selection  should  be  based  ui)on  uniformity  rather  than 
variability,  in  order  that  the  qualities  may  become  fixed  and  stable. 

The  most  careful  and  rigid  precautions  should  be  taken  against  acci- 
dental crossing,  none  being  permitted  that  is  not  artiticially  controlled 
b}'  methods  well  known  to  horticulturists.  It  would  j^robably  be  well 
to  prevent  cross  fertilization  even  in  plots  of  the  same  variety.  Inten- 
sive cultivation  has  yet  to  be  tried  on  the  sorghum  plant,  and  perhaps 
where  there  is  already  so  great  a  range  of  variability,  there  is  greater 
prospect  of  improvement  by  selection  and  self  fertilization  than  by 
crossing.  It  would  certainly  be  best  in  crosses,  and  probably  best  iu 
varieties,  to  plant  single  plots  from  but  one  seed  head. 

In  selecting  the  seed  from  the  best  individuals  b^'  analysis  of  the 
juice,  not  only  the  percentage  of  sugar,  but  also  the  purity  and  the 
percentage  of  glucose  must  be  considered.    This  problem  is  rendered 
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easier  of  solution  by  the  fact,  wliich  was  pretty  generally  noticeable  in 
the  work  at  this  station,  that  purity  of  juice  and  a  low  content  of  glu- 
cose generally  accompany  a  high  percentage  of  sucrose.  Moreover,  it 
is  generally  the  case,  though  this  is  not  so  constant,  that  a  high  density 
of  juice  indicates  high  content  of  sucrose,  low  of  glucose,  and  high 
purity.  The  following  analysis,  taken  from  some  of  the  individual 
canes  which  gave  the  best  polarizations  illustrates  this  point. 

Analyses  of  canes  showing  high  i^ercentage  of  sugar. 


No. 

Degree 
Brix. 

Sucrose. 

Glucose. 

Coeffi- 
cient of 
purity. 

Per  cent. 

Percent. 

422 

22.  50 

17.18 

.58 

76.4 

627 

22.16 

17.05 

.66 

70.  9 

451 

22.28 

16.93 

.  55 

76.0 

5G3 

22.  00 

16.93 

.70 

77.0 

5G4 

22.  50 

16.85 

.91 

75.0 

565 

21.25 

16.33 

.  77 

77.0 

738 

18.61 

14.98 

.75 

80.5 

430 

19.47 

14.52 

.53 

74.2 

Kough  selections  therefore  can  be  made  by  the  hydrometer  spindle, 
throwing  out  all  which  do  not  come  up  to  a  certain  standard.  The 
selections  made  in  this  way  may  then  be  polarized,  and  further  selec- 
tions made  by  this  test,  while  the  final  selection  should  be  based  upon  a 
complete  analysis.  Considerable  weightshould  beattachedto  the  purity 
as  a  basis  for  selection,  for  this  is  the  weak  point  of  sorghum  as  a  sugar- 
producing  i)lant.  It  will  be  seen  from  the  above  analyses  that  these 
canes  were  fully  equal  to  tropical  canes  so  far  as  a  high  content  of  sucrose 
and  a  low  content  of  glucose  are  concerned,  but  the  purity  is  low  in 
proportion.  The  selection  and  comparison  of  canes  for  seed  should  bo 
made  when  the  plot  has  reached  its  maximum  of  purity,  as  nearly  as  it 
is  possible  to  ascertain  that  point.  Then  the  relation  of  high  s  icrose 
content,  high  density,  .and  purity,  etc.,  is  most  likely  to  be  normal  and 
constant. 

It  will  be  seen  that  a  course  of  selection,  as  outlined  above,  necessi- 
tates the  making  of  a  great  many  analyses.  Facilities  for  making  a  large 
number  of  analyses,  the  more  the  better,  would  constitute  an  essen- 
tial part  of  theequipment  of  a  station  for  the  improvement  of  the  plant. 
But  undoubtedly  a  great  deal  could  be  accomplished  in  selection  of  seed 
by  the  use  of  the  hydrometer  alone,  where  facilities  for  complete  analy- 
sis do  not  exist,  until  the  time  comes  when  seed  improvement  can  be 
carried  out  properly  by  separate  stations  or  establishments. 

We  believe  that  every  large  cane  grower  should  test  his  canes  in  this 
way,  and  should  make  selections  of  seed  by  the  hydrometer  test,  unless 
he  can  use  still  better  methods.  Even  this  simple  method  of  selecting 
seed  would  be  vastly  better  than  the  usual  way  of  merely  selecting  seed 
that  is  ripe  and  sound.     If  constantly  practiced  it  would  do  much  to  re- 
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move  the  blame  of  variableness  from  the  sorghum  plant,  because  it 
would  throw  out  from  the  seed  selections  the  seed-heads  from  canes 
which  have  weak  juice  which  contains  little  sugar.  English  horti- 
culturists call  destroying  inferior  plants  "rogueiugy'  and  the  sorghum 
plant  now  needs  constant  rogueing.  This  can  best  be  done  by  throwing 
out  the  seed  of  canes  which  have  weak  juice. 

We  can  as  yet  lay  down  no  rules  in  regard  to  the  selection  of  either 
varieties  or  individuals  with  reference  to  the  size  or  yield  of  seed.  This 
can  only  be  done  when  it  has  been  settled  beyond  a  doubt  that  high 
saccharine  content  and  iDurity  of  juice  can  co-exist  with  a  large  yield 
of  fine  seed.  Time  and  experience  only  can  settle  this  question,  for 
we  have  no  analogies  to  guide  us.  The  seed  is  a  most  important  by- 
product in  sorghum  -,  it  stands  alone  among  sacchariferous  i)lants  in  its 
ability  to  furnish  at  the  same  time  both  a  i^roduct  of  sugar  and  a  crop 
of  valuable  cereal  grain.  Both  the  quality  and  quantity  of  the  seed 
produced  vary  greatly  in  different  varieties;  some  of  them,  such  as  the 
Honey-dew,  White  African,  White  India,  etc.,  furnish  a  beautiful  white 
seed  ',  the  seed-i3roducing  qualities  could  doubtless  be  easily  improved 
by  selection,  and  the  opportunity  thus  offered  is  very  tempting:  but 
for  the  present  it  seems  more  rational  not  to  expect  nature  to  honor 
duplicate  drafts  upon  her  treasury;  to  produce  a  big  crop  of  seed  and 
a  large  yield  of  sugar  from  the  same  piece  of  ground  that  ordinarily 
does  only  the  former.  While  it  will  never  do  to  attempt  to  place  a  limit 
on  the  possibilities  in  the  case,  much  must  be  done  before  we  can 
expect  to  produce  a  sorghum  cane  with  the  sugar  content  of  Links 
Hybrid  or  Liberian.  combined  with  the  seed-head  of  Doura  or  Kaffir 
corn. 

]S"othing  has  been  said  as  yet  of  a  very  important  element  which  must 
be  considered  in  all  improvements  of  a  race  of  animals  or  plants ;  that 
is,  the  power  of  the  selected  individual  to  transmit  its  qualities  to  its 
descendants.  An  individual  may  be  ever  so  rich  in  good  qualities  itself, 
but  if  it  does  not  possess  also  the  power  of  impressing  its  own  character 
upon  its  posterity  it  is  not  the  best  one  to  choose  for  breeding  purposes. 
This  point  is  well  set  forth  in  the  letter  which  we  append,  from  tlie 
celebrated  seed  firm  of  Paris,  who  have  done  so  much  for  the  improve- 
ment of  the  sugar-beet,  and  whose  historical  connection  with  the  intro- 
duction of  the  sorghum  plant  into  this  country  will  lend  especial  interest 
to  what  they  have  to  say  with  reference  to  its  improvement. 

LETTER   FROM   VILMORIX,    ANDRIEUX   &    CO.,    OX  IMPROVEMENT   OF   SORGHLM. 

Paris,  Xovemher  6,  18S8. 
Dear  Sir:  Eeplyiug  to  your  inquiry  as  to  the  best  method  of  improviug  the  sor- 
ghum plant,  we  should  think  that  nobody  being  more  acutely  aware  than  you  prob- 
ably are  of  what  qualities  are  still  lacking  in  this  plant,  you  must,  of  necessity,  be 
better  than  any  one  else  in  a  position  to  make  the  first  step  towards  success  ;  which  is, 
to  have  a  clear  and  precise  perception  of  the^aim  to  be  arrived  at,  i.  e.,  of  the  most  im- 
portant foaturci  to  b^^  added  to  those  already  existing  in  the  plant. 
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Besides,  if  we  draw  a  correct  conclusion  from  what  wc  gather  from  your  letter,  uot 
only  has  this  step  heen  already  made,  but  you  expect  even  to  have  now  ready  ou 
hand  the  necessary  materials  for  going  a  step  further,  viz,  proceed  to  the  selection 
of  those  ijlaiits  as  possess  to  the  desirable  degree  the  very  qualities  looked  for. 

Here  we  must  remark,  as  regards  the  said  selection,  that,  as  far  as  our  experience 
goes,  it  does  not  seem  to  be  always  the  safest  way  to  systematically  discard  all  the 
merely  satisfactory  plants  and  to  give  the  preference  only  to  those  showing  some 
qualities  to  the  highest  degree.  On  the  contrary,  it  has  often  been  the  case  that 
specimeus  of  only  average  value,  but  otherwise  well  fitted  plants,  have  proved  to  af- 
ford the  surest  means  of  rapidly  obtaining  a  final  result. 

This  applies  especially  to  the  most  important  quality  to  be  secured  in  the  selected 
plants,  which  is  the  capability  of  fully  transmitting  their  good  qualities  to  their  de- 
scendants, and  as  tbis  quality  can  not  well  be  ascertained  at  the  outset,  it  is  neces- 
sary uot  to  be  over  severe  in  the  first  selection,  and  subsequently  to  retain  only  those 
plants  as  show  this  quality  to  a  satisfactory  degree  and  then  to  make  a  careful  selec- 
tion amongst  these. 

During  the  whole  time  of  these  experiments  it  will  be  necessary  to  take  the  re- 
quired measures  to  prevent  intercrossing,  so  that  the  successive  iirogeny  of  each 
individual  plant  be  kept  severely  by  itself,  and  every  hybridization  be  made  impossible, 
as  otherwise,  even  one  accident  might  be  conducive  to  impart  to  the  plants  a  tendency 
to  variation,  which  may  make  it  the  more  difficult  to  obtain  that  lasting  constancy 
or  fixity  so  necessary  in  the  plants  that  are  intended  to  create  a  new  and  large  genera- 
tion liable  to  improve  rather  than  degenerate.  As  a  consequence,  it  will  also  be 
necesary  to  provide,  from  the  outset,  for  a  most  careful  and  correct  record  of  the 
signs,  the  degree,  and  progress  of  each  of  the  qualities  recognized  in  each  individual 
plant  selected  for  future  propagation.  For  it  is  very  important  that  when  selecting 
stock  x)lants  amongst  the  new  generation  an  accurate  and  easy  comparison  of  each 
of  these  plants  may  be  made  with  every  one  of  his  ancestors,  so  that  the  increase 
gained  in  constancy  or  permanency  of  each  character  wanted  may  be  surely  ascer- 
tained, and  a  headway  movement  secured  with  certainty. 

Of  course  the  number  of  series  to  be  studied  separately  may  vary  according  to  cir- 
cumstances, each  being  conducted  on  a  somewhat  different  basis  as  regards  the  most 
prominent  qualities  noticed  in  the  plants  used. 

By  such  means  and  by  never  altering,  without  good  reasons,  the  program  once  laid 
down  at  the  beginning,  you  may  expect  to  bring  the  desired  result  more  or  less  rapidly 
into  the  domain  of  established  facts.  Of  course,  much  depends  on  the  skill  shown  in 
the  successive  selections  to  be  made,  on  the  nature  of  the  plants  treated,  as  also  on 
circumstances. 

In  reply  to  your  query  about  publishing  this  letter,  we  have  only  to  say  that  if 
you  are  of  opinion  that  others  may  derive  some  benefit  from  reading  it,  we  shall  not 
have  the  least  objection  to  your  publishing  it. 
We  remain,  dear  sir,  yours  faithfully, 

ViLMOKIN,   AnDRIEUX   «fe   CO. 

Mr.  W.  P.  Clement, 

Sterling  Siriq)  Works,  Sterling,  Kans. 
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